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I. Real Party in Interest 

The present application is assigned to The Regents of the University of California. 

II. Related Appeals and Interferences 

Neither the assignee nor the legal representative know of any other appeal or 
interferences which will affect or be directly affected by or have bearing on the Board's 
decision in the pending appeal. 

III. Status of Claims 

The Application was filed on June 7, 1995 with 1 independent claim (claim 1). On 
September 4, 1996, an Official Action was mailed (Paper No. 6) rejecting the claim. 

On March 4, 1997, claim 1 was amended. On June 10, 1997; a final Official 
Action (Paper No. 9) was mailed rejecting claim 1. Claim 1 was amended for the second 
time, and new claims 48-50 were added on December 10, 1997. These amendments were 
denied entry by the Examiner in the Advisory Action (Paper No. 13) mailed January 14, 
1998, under 35 U.S.C. § 112, second paragraph as purportedly indefinite, and under 35 
U.S.C. § 103 as purportedly obvious over Weissman et al. Applicants requested for entry 
of the December 10, 1997 amendment and automatic withdrawal of the finality of the 
Office Action dated June 10, 1997 under 37 C.F.R. § 1.129(a). An incomplete Official 
Action (Paper No. 18) with omitted references section was mailed on August 24, 1998 
rejecting claims 1 and 48-50. A subsequent Office Action (Paper No. 18) was mailed on 
September 3, 1998 completing the reference section and restarting the time for a response 
effective September 3, 1998. Applicants filed an amendment on March 3, 1999. On May 
25, 1999, an Official Action (Paper No. 21) was mailed finally rejecting claims 1, 48-50. 
Applicants filed a response to the final Office Action on August 25, 1999. An Advisory 
Action (Paper No. 23) was mailed on September 24, 1999 relaxing the rejection by 
removing one prior art to Rowley et al. but maintaining the rejection of claims 1 and 48-50 
under 35 U.S.C. § 103(a) over Weissman et al. in view of Lichter et al. and Drabkin et al. 
The response to the Advisory Action on October 25, 1999 amended claim 1 for the third 
time, claim 48 for the first time and claim 50 for the second time. In the Office Action 
dated November 22, 1999, (Paper No. 26) the Examiner withdrew the finality of the 
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previous Office Action due to application of newly applied rejections and entered both 
amendments filed on August 25 and September 25, 1999. The Examiner also removed 
Drabkin et al. publication from the pending rejection. On May 22, 2000, Applicant filed a 
response amending claims 1 for the fourth time, claim 48 for the second time and claim 50 
for the third time. A final Office Action (Paper No. 29) was mailed on August 30, 2000, 
rejecting claims 1 and 48-50 under 35 U.S.C. §103(a) over Weissman et al. in view of 
Lichter et al. and Le Beau et al. Applicants filed a Notice of Appeal on November 30, 
2000. 

The status of the claims as set out in Paper No. 29 was and is as follows: 

allowed claims: none 

claims objected to: none 

claims rejected: 1, 48, and 50-58 

IV. Status of Amendments 

All amendments have been entered. 

V. Summary of the Invention 

This invention concerns methods of staining targeted chromosomal material based 
upon nucleic acid sequence that employ unique sequence high complexity nucleic acid 
probes of greater that 40,000 bases. The targeted chromosomal material is a genetic 
rearrangement associated with chromosome 17 in humans. The staining reagents of this 
invention facilitate the microscopic and/or flow cytometric identification of normal and 
aberrant chromosomes and provide for the characterizations of the genetic nature of 
particular abnormalities, such as, genetic rearrangements. Preferably, the staining reagents 
of the invention are applied to interphase chromosomal DNA by in situ hybridization, and 
the chromosomes are identified or classified, i.e., karyotyped, by detecting the presence of 
the label. 
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VI. The Issues 

1. Whether Claims 1 and 48-50 are unpatentable under 35 U.S.C. § 103(a) 
over U.S. Patent 4,710,465 to Weissman et al. in view of Lichter et al. (1988) 1 and Le 
Beau et al. (1985) 2 . These are appended hereto as Appendix B. 

2. The Examiner has provisionally rejected claims 1 and 48-50 under the 
judicially created doctrine of obviousness-type double patenting as being unpatentable over 
claims 1, and 48-58 of Application No. 08/477,316. 

VII. Grouping of Claims 

1. For the purposes of the rejection of claims 1, and 48-50 under 35 U.S.C. § 
103(a) as purportedly obvious over U.S. Patent 4,710,465 to Weissman et al. in view of 
Lichter et al. (1988) and Le Beau et al. (1985), it is the Applicants' intention that those 
claims stand or fall together. 

2. For the purposes of the provisional rejection of claims 1 and 48-50 under the 
judicially created doctrine of obviousness-type double patenting as being unpatentable over 
claims 1, 48, and 50-58 of Application No. 08/477,316, it is the Applicants* intention that 
the claims stand or fall together. 

VIII. Argument 

1. Claims 1 and 48-50 are rejected under 35 U.S.C. §103(a) as purportedly 
obvious over U.S. Patent 4,710,465 to Weissman et al., in view of Lichter et al. (PNAS 
85:9664-9668, 1988) and further in view of Le Beau et al. 

The alleged teachings of Weissman et al. were recently set forth in the Official 



lichter, P., Cremer, T., Tang, C, Watkins, P.C., Manuelidis, L., and Ward, 
D.C. (1988) Rapid detection of human chromosome 21 aberrations by in situ 
hybridization. PNAS USA 85:9664-9668. 

2 Le Beau, M.M., Westbrook, C.A., Diaz, M.O., Rowley, J.D., and Oren, M. 
(1985) Translocation of the p53 gene in t(15;17) in acute promyelocytic leukemia. Nature 
316:826-828. 
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Action mailed November 22, 1999 (Paper No. 26). On page 3 of the Official Action, the 
Examiner stated: 

Weissman et al. as summarized of record discloses the preparation of large 
unique sequence probes sets for hybridization assay of various chromosomal 
abberations including translocations. Motivation for assaying translocations 
is given in column 2, lines 13-39. The study of gene organization, of which 
translocations are clearly one type, are the subject of the Weissman et al. 
invention as noted in column 5, lines 53-58. Weissman et al., however, 
does not disclose interphase target assays nor specifically assaying directed 
to translocations in chromosome 17. 

The alleged teachings of Lichter et al., and Le Beau et al. were set forth on page 5 

of the Official Action, mailed November 22, 1999 (Paper No. 26): 

Lichter et al. disclose interphase target assays for genetic abnormalities 
utilized in an hybridization assay format. Several chromosomal regions 
which are distinctly detectable in such interphase samples are described in 
the paragraph bridging the first and second columns on page 9664. This 
description and the results in Lichter et al. give a reasonable expectation of 
success for such interphase assays, also as being equivalently usable as 
metaphase target based assays. 

*** 

Le Beau et al. in the abstract discloses chromosome 17 translocations as 
motivated targets regarding acute promyelocytic leukemia. This is 
motivation to assay for such translocation events. 

In response, Applicants maintain that the present invention is not obvious over the 
cited publications. At the very least, the rejection is improper for several reasons. 
Weissman fails to disclose or even suggest the claimed invention directed to staining 
targeted chromosomal material based upon a nucleic acid segment employing unique 
sequence high complexity nucleic acid probes of greater than 50,000 bases, wherein said 
targeted chromosomal material is a genetic rearrangement associated with chromosome 17 
in humans. Nor does Weissman provide motivation to detect chromosomal rearrangements 
using unique sequence probes. Weissman instead seeks to "determine the distance between, 
and/or orientation of two known genomic gene regions which are separated by a gene 
spacing of between 20 and 2,000 kilobases" (col. 6, lines 55-59). Further, Weissman 
discloses only mapping to metaphase spreads (see, for example, Figure 5, Section VI and 
Example XI), not a method of staining targeted interphase chromosomal material. There is 
no suggestion in this publication that interphase chromosomal material could be reliably 
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stained as claimed in the present invention. The Examiner accepts this assertion in the 
Official Action mailed on November 22, 1999 (Paper No. 26), at page 4, acknowledging 
that "Weissman et al. does not contain disclosure of interphase chromosomal target 
material." 

However, the Examiner asserts that these deficiencies are overcome with reference 

to the Lichter, and Le Beau publications. Specifically, in the Office Action mailed on 

November 22, 1999 (Paper No. 26), the Examiner states: 

...it would have been obvious to someone of ordinary skill in the art at the 
time of the instant invention to practice the instant invention because 
Weissman et al. generically suggests and motivates chromosomal 
abnormality hybridization assays with large unique probe sets. Lichter et al. 
describes hybridization assays utilizing interphase targets. Hybridization 
assays are generally utilized by Weissman et al. for the invention therein 
disclosed. Le Beau et al. and Drabkin et al. describe and motivate assay of 
chromosomes 17 as a target for hybridization assay due to translocations 
involving this chromosome. These disclosures together motivate and thus 
describe the instant invention. 

This argument is flawed at the very least because the Lichter et al. publication is not 
prior art. This application claims priority of U.S. Application Serial No. 06/819,314, filed 
January 16, 1986, and U.S. Application Serial No. 06/937,793, filed December 4, 1986. 
Both of these applications were filed before the publication of the Lichter et al. article in 
December 1988. Accordingly, the Lichter et al. article is not properly cited as prior art 
against the present application. The Examiner has conceded that the present claims are not 
prima facie obvious over the Weissman patent alone and Le Beau et al. does not teach 
staining of interphase material. Thus, the Applicants strongly maintain that a prima facie 
case of obviousness has not been made out. 

The Examiner has argued that the present claims are not supported by the noted 

1986 priority applications. Specifically, on page 3 of the Office Action mailed August 30, 

2000 (Paper No. 29), the Examiner stated: 

Applicants firstly argue that Lichter et al. is not prior art due to claiming 
priority to two 1986 filed applications which are parents to the instant 
application. Consideration of these two 1986 applications reveal that even if 
chromosome 3 and/or 17 are given priority the paracentrometric-specific 
probe requirement is not cited therein. Priority of a claim must include a 
complete written basis for it to be granted to an earlier application. Thus, 
priority to these 1986 applications is not appropriate. 
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In response, Applicants maintain that support for the claims to the present invention 
may be found at the very least in U.S. Application Serial No. 06/819,314, filed January 16, 
1986, at pages 11-14 and pages 31-38 and in U.S. Application Serial No. 06/937,793, 
filed December 4, 1986, at pages 8-15 and pages 32-39. Specifically, support for the 
recitation that the genetic rearrangement may be associated with chromosome 17 is the 
description that the staining reagents useful in the invention are specific to single 
chromosomes at page 10, lines 17-21 of U.S. Application Serial No. 06/819,314, and at 
page 11, lines 1-5 of U.S. Application Serial No. 06/937,793. It was well-known, long 
before the present application was filed, that there is a low, finite number (24) of different 
chromosomes possible in human cells. Nevertheless, the Examiner argues that the rejected 
claims do not find written description support in the instant application because Applicants 
did not specifically name chromosome 17. Applicants respectfully submit that the 
Examiner's position is untenable. This can be seen from the fact that merely listing 
chromosomes 1-22, X, and Y individually, and stating that translocations between any of 
the listed chromosomes could be detected, would remove the basis for this rejection. The 
Examiner's denial of benefit of Applicants 1 1986 priority applications elevates form over 
substance to an extreme degree. 

In examining whether a claim satisfies the written description requirement of 35 
U.S.C. § 1 12, first paragraph, it must be determined whether the specification conveys, 
"with reasonable clarity to those skilled in the art that, as of the filing date sought, he or 
she [i.e., the inventor] was in possession of the invention, i.e., whatever is now claimed." 
Vas-Cath, Inc. v. Mahurkar, 935 F.2d 1555, 1563-64, 19 USPQ2d 1111, 1117 (Fed. Cir. 
1991). It strains credibility to argue that one of ordinary skill would not have understood 
Applicants' 1986 priority applications to encompass detection of translocations between 
particular chromosomes, simply because the specification does not list each of the 24 
possible chromosomes. Applicants strenuously maintain that one skilled in the art would 
reasonably believe the generic description of staining targeted chromosomal material to 
detect genetic rearrangements to not be limiting and to describe each of the chromosomes, 
including chromosome 17, as being the targeted material. 

In view of the fact that support may be found in the instant application, which is 
identical to the series of applications from which priority is claimed as a divisional and 
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continuation, and support may be found in the 06/819,314 and 06/937,793 applications 

filed in 1986 from which priority is claimed as a continuation-in-part, Lichter et al. 

published in 1988 is not a proper prior art reference. The Applicants maintain that these 

facts render the combination of Lichter et al. with Weissman et al. improper and 

consequently, the presently claimed invention cannot be properly held prima facie obvious 

over Weissman in view of Lichter and Le Beau. 

Furthermore, in response to the allegation of unpatentability of paracentromeric- 

specific probes, Applicants maintain that this argument is also flawed because the U.S. 

Patent No. 5,447,841, filed December 4, 1986, which is a continuation of Ser. No. 

06/937,793, filed December 4, 1986, discloses in column 5, line 58, the method of making 

the composition of the invention as entailing: 

...generating a heterogeneous mixture on a fragment-by-fragment basis by 
isolating, cloning chromosomal DNA, and selecting from the clones 
hybridization probes to unique sequence regions of a particular chromosome . 

It is well known in the Art that a centromere is a specific region of a chromosome 
required for proper chromosome segregation during mitosis and meiosis. Therefore, 
because centromere is a specific region on a chromosome and "probes to unique sequence 
regions of a particular chromosome" includes probes to all the particular regions on a 
chromosome, Applicants' maintain that the centromere and its surrounding DNA are 
implicitly disclosed in U.S. Patent No. 5, 447,841. The Applicants believe that the 
Examiner's position is unreasonable and request that this rejection be withdrawn. 

2. The Provisional Rejection of Claims 1, 48, and 50-58 under the judicially 
created doctrine of obviousness-type double patenting as being unpatentable over claims 1 
and 48-50 of Application No. 08/487,387. 

In the most recent Office Action, mailed August 15, 2000 (Paper No. 26), the 
Examiner argued: 

Claims 1 and 48-50 are provisionally rejected under the judicially created 
doctrine of obviousness-type double patenting as being unpatentable over 
claims 1, 48, and 50-58 of application Serial No. 08/477,316; although the 
conflicting claims are not identical, they are not patentably distinct from each 
other because the claims of the copending applications contain common 
embodiments directed to high complexity probe methodology. 
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However, the Applicants' maintain that since this rejection is provisional, it should 
be held in abeyance until claims in the present and copending case are otherwise allowable. 

IX. Conclusion 

Claims 1 and 48-50 are rejected under 35 U.S.C. § 103(a) as purportedly obvious 
over Weissman et al., in view of Lichter et al. and Le Beau et al. 

From the forgoing, further and favorable reconsideration of the pending claims is 
respectfully requested. 



Respectfully submitted, 



Burns, Doane, Swecker & Mathis, l.l.p. 




Malcolm K. McGowan, Ph.j 
Registration No. 39,300 



P.O. Box 1404 

Alexandria, Virginia 22313-1404 
(703) 836-6620 



Date: 
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APPENDIX A 



The Appealed Claims: 

1 . A method of staining targeted chromosomal material based upon nucleic acid 
segment employing a unique sequence high complexity nucleic acid probe of greater than 
about 50,000 bases, wherein said targeted chromosomal material is a genetic rearrangement 
associated with chromosome 17 in humans, said method comprising contacting said 
chromosomal material with a high complexity nucleic acid probe wherein at least one 
component of the high complexity nucleic acid probe is targeted to a paracentromeric- 
specific nucleic acid segment, allowing said probe to bind to said targeted chromosomal 
material and detecting said bound probe, wherein bound probe is indicative of the presence 
of target chromosomal material. 

48. A method of staining targeted chromosomal material based upon nucleic acid 
segment employing a unique sequence high complexity nucleic acid probe of greater than 
about 40 kb, wherein said targeted chromosomal material is a genetic rearrangement 
associated with chromosome 17 in humans, said method comprising contacting said 
chromosomal material with a high complexity nucleic acid probe wherein at least one 
component of the high complexity nucleic acid probe is targeted to a paracentromeric- 
specific nucleic acid segment, allowing said probe to bind to said targeted chromosomal 
material and detecting said bound probe, wherein bound probe is indicative of the presence 
of target chromosomal material. 

49. The method of claim 48, wherein the target chromosome material is 
interphase chromosomal material. 
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50. A method of staining targeted interphase chromosomal material based upon 
nucleic acid segment employing a unique sequence high complexity nucleic acid probe of 
greater than about 40 kilobases, wherein said targeted chromosomal material is a genetic 
rearrangement associated with chromosome 17 in humans, said method comprising 
contacting said chromosomal material with a high complexity nucleic acid probe wherein at 
least one component of the high complexity nucleic acid probe is targeted to a 
paracentromeric-specific nucleic acid segment, allowing said probe to bind to said targeted 
chromosomal material and detecting said bound probe, wherein bound probe is indicative of 
the presence of target chromosomal material. 
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APPENDIX B 



Cited Art: 

U.S. Patent 4,710,465 (Weissman et al) 

Lichter, P., Cremer, T., Tang, C, Watkins, P.C., Manuelidis, L., and Ward, D.C. 
(1988) Rapid detection of human chromosome 21 aberrations by in situ hybridization. 
PNAS USA 85:9664-9668. 

Le Beau, M.M., Westbrook, C.A., Diaz, M.O., Rowley, J.D. and Oren, M. (1985) 
Translocation of the p53 gene in t(15;17) in acute promyelocytic leukemia. Nature 
316:826-828. 
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[57] ABSTRACT 

A junction-fragment DNA probe, a DNA probe clus- 
ter, and methods of preparing and using the probe and 
cluster to study gene localization and organization. The 



probe includes first and second gene segments which 
are derived from first and second, single-copy genomic- 
DNA gene regions, respectively, separated from one 
another, in the genomic DNA strand, by a selected 
distance of between about 20 and 2,000 kilobases. The 
two segments in the probe are connected at a junction 
region which may include a marker segment usable in 
isolating and/or selecting the probe. The probe cluster 
includes a set of such probes, each having a common 
first segment, and a second segment which is derived 
from one of a number of gene regions located at various 
distances from the first gene region in the genomic 
DNA strand from which the two segments are derived. 
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JUNCTION-FRAGMENT DNA PROBES AND 
PROBE CLUSTERS 

The invention was supported in part by the National 5 
Institute of Health grant #NIH CA-30938 and the Gov- 
ernment has certain rights to the invention. 

BACKGROUND AND SUMMARY 

The present invention relates to DNA probes and 10 
probe clusters useful for studying gene localization and 
organization. 
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Gene localization on chromosomes and an- under- 
standing of gene organization within large gene groups 
have become important areas of study in human genet- 
ics. A major application of gene localization is in under- 
standing and predicting certain disease states. For exam- 
ple, translocation of marker genes from one chromo- 
somal region to another may play a role in the develop- 
ment of cancer cells. One of the known oncogenes in 
man and rodents, termedmyc, has been localized to a 
chromosome region which shows a consistent translo- 
cation from its normal chromosomal environment to 
one of three other chromosomes in certain forms of 
tumors such as Burkitt's lymphoma. Because the loca- 
tion of the genes for immunoglobulins was previously 
known, it could be determined that the chromosome 
segment always became translocated to a second chro- 
mosome region containing immunoglobulin genes. Fur- 
ther studies have shown that the myc oncogene is, in 
fact, located close to the boundary of the translocation 
point, suggesting that a basic mechanism and causation 
of this lymphoma is the movement of the oncogene 
from its normal chromosome environment to an immu- 
noglobulin gene environment in a cell where the immu- 
noglobulin genes are being actively expressed (re- 
viewed in references 1 and 2). Similarly, translocation 
of the Abl oncogene may be a major determinant of 
chronic myelocytic leukemia (references 3 and 4). 

Another important application of gene localization is 
in identifying and furthering an understanding of inher- 
itable disorders. Restriction endonuclease analysis of 
genomic DNA has made it possible to identify DNA 
polymorphisms which are linked closely to normal or 
mutated genes associated with available probes (re- 
viewed in references 5,6). The relationship between 
DNA polymorphisms and disease states was shown 
originally in studies on hemoglobinopathies, where 
certain polymorphisms are more frequent in patients 
with sickle cell disease, and where certain varieties of 
thalassemia are. more commonly associated with spe- 
cific combinations of restriction sites in intergenic DNA 
(references 7, 8). More recently, systematic studies have 
uncovered polymorphic DNA sites that are linked to 
and flank the locus of mutations which are responsible 
for Duchenne's muscular dystrophy (references 9, 10), 
and a fortuitously discovered probe associated with 
Huntington's disease has been used to identify polymor- 
phic DNA which is closely linked to the gene responsi- 
ble for Huntington's disease (reference 1 1). The probe 
makes it possible to diagnose people who carry the gene 
for Huntington's disease before the onset of the disease. 

Heretofore, gene localization has been approached 
either by classical studies oh gene linkage related to 
inheritance, or by microscopy and banding techniques 
for chromosomes. In the classical genetics approach, 
the frequency of co-inheritance of one phenotypic trait, 
whose gene location is unknown, with a phenotypic 
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trait whose gene location is known provides a measure 
of the linkage (distance) between the two genes, and 
this distance provides a rough measure of the relative 
chromosome positions of the two phenotypic genes. 
The classical genetic approach is severely limited in 
man, where controlled breeding is not possible, and 
where family studies on the inheritabOity of phenotypic 
disorders must therefore be relied on. Family studies in 
man and even genetic studies in inbred strains of mam- 
mals are generally unable to resolve gene linkages lo- 
cated closer than about 5 to 10 million base pairs apart, 
and can give aberrant results that cannot be readily 
understood until the actual physical structure of the 
gene is known. As an example of the latter problem, the 
I-J gene of suppressor lymphocyte surface antigen was 
initially considered to be one of the genes of the major 
histocompatibility complex (MHC), and this error was 
only corrected when portions of the MHC were actu- 
ally cloned and partially sequenced (references 12, 13). 

Genomic DNA regions of unique sequence can, in 20 
principle, be localized on a chromosome by in situ hy- 
bridization using single-copy DNA probes. In situ hy- 
bridization of nucleic acid probes to spreads of polytene 
chromosomes in Drosophola have been remarkably 
successful. The polytene chromosomes, which may be 
amplified over a thousand fold, allow site-specific bind- 
ing of up to a thousand or more probes at the same 
location, making probe detection by autoradiography 
or by fluorescence or enzyme-reporter microscopy 
f£% quite straightforward. Unfortunately, in situ hybridiza- 
Ivtion to-single-copy genes in human DNA is much more 
^- difficult to detect since only a single site is available for 
^ probe binding, and can only be identified autoradio- 
graphically with relatively long periods of exposure and 
- by counting grains over many chromosome samples to 
<- ■■■ obtain a sufficient distribution of grains to verify probe 
■ localization. With rare exceptions, and particularly 
where only non-polytene chromosomes are available, 
r the in situ hybridization technique cannot distinguish 
; ; : between sequences located closer than about 5 to 10 40 
^million base pairs apart (reference 14), comparable to 
the resolution achievable with phenotypic markers in 
; ^classical genetic studies. The in situ hybridization tech- 
nique for locating genes on a chromosome are also 
subject to artifactual errors such as a tendency for 45 
grains to accumulate at the tip or at the center of a 
. chromosome. Such an artifact may account for the soil 
conflicting data from in situ hybridization studies as to 
whether the beta globin system is located near the tip of 
chromosomal 1 1, or closer to the centromere. 

In studies on polymorphic DNA regions, discussed 
above, it has been possible heretofore to localize identi- 
fied polymorphisms only in the relatively few chromo- 
some regions for which marker probes have been avail- 
able, such as in the MHC region. In principle, if a com- 
plete family of probes spaced evenly along the genome 
were available, it would be possible to screen individu- 
als for inherited dominant or even recessive disorders, 
and by comparing many DNA polymorphic sites in the 
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marker and the given disease marker would be less than 

I in 20 in each generation. This set of 300 or 600 mark- 
ers would greatly facilitate localization and identifica- 
tion of the precise genetic effects in gene regions re- 
sponsible for these inheritable effects. 

In order to generate such DNA probes for identifying 
polymorphic fragments by prior art techniques, many 
random DNA segments must be analyzed to see which 
ones provide polymorphic markers. Each one of these 
markers ust be localized by the in situ hybridization 
technique described above, or by techniques involving 
hybridization and detection in a variety of somatic hy- 
brid cell lines containing various human chromosomes 
or segments of chromosomes, or by hybridization to 
probs made from assorted chromosome libraries. The 
latte method is relatively inefficient due to the small 
amout of DNA that can be obtained in chromosomal 
sorting pocedures. Statistical studies indicate that 900 or 
ore probes would have to be examined in this way n 
order to obtain a 98% to 99% coverage of the human 
genome at the desired space intervals, a task thar would 
be exceedingly difficult at best. 

Considering now investigations of gene relationships 
in m-lt-gene arrangements on chromosomes, the best- 
studied example is the human MHC, which appears to 
contin at least 40 to 50 class I-like genes, and at least 15 
to 20 class II-like genes or pseudo-genes. It is nown that 
the MHC system is highly polymorphic from individual 
to individual, and that particular allels of class I or class 

II genes are associated with a predisposition towards a 
wide variety of diseases (references 16, 17). The associa- 
tion of polymophisms with particular disease states may 
be due to polymorphisms within the known genes of the 
MHC, or, alternatively, to polymorphisms in presently 
unidentiied class I or class H-type genes, or possibly 
undated genes interspersed within the class I or class II 
system. Therefore, a complete characterization of all 
the genes contained within this cluster, and their linear, 
relationship with one another, would make it possible, to 
predict which genes are most likely to be closely associ- 
ated with particular diseases* 

> A study of the relationship among genes in a gene 
cluster or family can lead to greater understanding of 
gene diversity, gene interaction, and even the identifica- 
tion of previously unrecognized gene products. It is 
known, for example, that at least two pituitary hor- 
mones are encoded by genes contained in a gene cluster. 
Mapping the genes in this cluster has the potential to 
uncover DNA sequences that are potential genes of 
other known pituitary hormones and also genes for 
hormone-like substances that have not been previously 
recognized, but which arose during evolution by tan- 
dem duplication or pre-existing genes for hormones. 

As another example, it is known that there are many 
interferon-like genes in a cluster for one of the inter- 
feron types; similar clusters for interleukin-2 and other 
lymphokine genes, as well as for colony stimulating 
factor and nerve growth factors may be identified. 



affected individuals and unaffected family members, to 60 Growth factors specific for several different cell types 



localize and derive markers (probes) closely linked with 
every disorder. This theory has been discussed previ- 
ously (reference IS). Since there are approximately 
3,000 centimorgans of recombination distance distrib- 
uted along the human genome, 300 evenly spaced mark- 
ers would provide a marker for every 10 centimorgans, 
and 600 markers, for every 5 centimorgans. The proba- 
bility of recombination between such a polymorphic 



have been reported and it is possible that by mapping 
genes clustered about the growth factor genes, genes 
encoding other colony-stimulating factors or the like 
can be identified. 
65 Similarly genes for additional coagulation factors, 
serum proteins, protease inhibitors, transcription or 
replication factors, cell membrane receptors, immuno- 
globulin variable or constant regions, and other cell 
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type-specific surface antigens could well be identified 
by a practical method for surveying gene clusters. 

The organization of genes within a gene family has 
been approachable, heretofore, generally at two levels 
of resolution. One is the resolution which can be ob- 
tained by classical studies of gene linkage during inheri- 
tance. As noted above, classical genetic techniques are 
unable to distinguish phenotypic markers located closer 
than about 5 to 10 million base pairs apart The second 
level of resolution is that accessible by more recently 
developed recombinant DNA techniques. In a typical 
procedure, a genomic DNA insert which has been iden- 
tified, for example, by hybridization with a selected 
gene probe, is characterized as to restriction sites and- 
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linkage during inheritance to substantially any disease 
related gene. 

Another specific object of the invention is to provide 
probes, and methods of preparing same, for studying 
gene relationships and organization particularly within 
a region between about 50 and 2,000 kilobases. 

Yet another object is to provide a system for rapidly 
surveying an extensive gene cluster to identify other 
expressed genes. 

According to one aspect of the invention, there is 
formed a novel probe is connected adjacent the down- 
stream end of the downstream end of the second seg- 
ment, either by direct ligation, or through a marker 
segment which allows selection and/or isolation of the 



/or base sequence. Currently, the largest block of DNA 15 probe. In one embodiment of the invention, the marker 



that can be cloned intact is about 40 kilobases. The only 
method available in the prior art for extending the 
cloned sequence (beyond this 40 kilobase limit) is a 
technique known as hromosomal walking, in which the 
ends of the cloned insert are identified, radiolabeled and 
used as probes to isolate, from a library of cloned DNA 
inserts, one or more inserts having a region of overlap 
with the end region(s) of the original insert On the 
average, the radiolabeled end probes will identify in- 
serts whose region of overlap lies near the midpoint of 
the overlapping inserts. This means, for inserts of 40 
kilobases, each additional insert isolated will extend the 
map region only about 20 kilobases. 

The chromosomal walking technique is obviously 
quite tedious, in that each extension of the map requires 
screening a genomic DNA library, characterizing the 
restriction endonuclease sites and/or sequence of the 
probe-identified insert to locate the new insert in the 
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segment includes a suppressor tRNA which allows for 
selection of a phage vector containing the probe in a 
suppressor (— ) host In another embodiment, the 
marker segment includes a cos site which allows for 
selection of a cosmid vector containing the probe as an 
insert In still another embodiment, the marker segment 
includes a ligand by which the probe can be isolated by 
specific binding to an anti-ligand. 

The gene probe is constructed, according to a 
method of the invention, by providing randomly sized 
pieces of genomic DNA, which may be size fraction- 
ated to yield a selected size distribution within a range 
of sizes which may vary from about 20 to 2,000 kilo- 
bases. The DNA pieces are ligated under conditions 
which produce predominantly circularized monomers, 
and the monomers are digested with one or more se- 
lected restriction endonucleases to release fragments 
containing opposed end segment of the pieces joined at 



map, and may i^uire producing new end probes. Fur- 35 ajunc tion region. The desired gene-probe fragments are 



ther, if one or more of the probes which are used in the 
procedure are non-unique sequences, these in turn will 
select for more than one site and cause apparent branch- 
ing in the map. The. maximum map distance that has 
been achieved to date by this method is about 200 kilo- 40 
bases, in a molecular map of an immune response region 
MHC, in which 18 overlapping inserts were identified 
(reference 12). This was a particularly favorable system 
since several probes scattered through the cluster were 
available. 45 

It is thus apparent that (1) examining gene relation- 
ships in a gene region of up to 200 kilobases is generally 
difficult and uncertain by prior art methods; and (2) 
neither classical-genetic nor prior art cloning tech- 
niques are suited to resolving gene relationships in the 50 
range between about 200 kilobases and up to several 
thousand kilobases. 

The present invention provides novel gene probes 
and gene probe clusters which can be readily designed, 
according to novel techniques of the invention, for 55 
studying questions of gene localization and organization 
which have been largely inaccessible by prior art ge- 
netic analysis methods, discussed above. 

A particular object of the invention is to provide a 
cluster of gene probes for use in localizing a single copy 60 
gene region in mammalian and, in particularly, human 
chromosomes. 



selected by the presence of segments which hybridize to 
at least one end-segment probe and/or by the presence 
of a marker segment in the fragment 

A gene probe cluster of the invention includes a 
group of such gene probes, each having a first segment 
which is complementary to a common gene region of 
genomic DNA, and a second segment which is comple- 
mentary to one of a series of second gene regions lo- 
cated downstream of, and at increasingly spaced inter- 
vals from the first gene region of the genomic DNA. 

The gene probe cluster may be produced by applying 
the gene probe construction method described above to 
a series of size-fractionated groups of DNA, or by in- 
corporating a marker segment selectively into different 
size distributions of unfractionated DNA pieces, as the 
pieces are being ligated to form circularized monomers. 

Also forming part of the invention are novel methods 
which use the gene probe or probe cluster of the inven- 
tion to: 

1. determine the distance between, and/or orientation 
of two known genomic gene regions which are sepa- 
rated by a gene spacing of between about 20 and 2,000 
kilobases; 

2. determine the identity of a gene region which is 
separated from a known gene region by a gene spacing 
between about 20 and 2,000 kilobases; 

3. generate a series of single-copy probes derived 
from gene regions which are substantially evenly 



Another object of the invention is to provide a 
method for generating a family of single-copy DNA 

fragments which are derived from genomic DNA re- 65 spaced along genomic DNA by a distance of between 

gions located substantially uniformly along the chromo- about 100 and: 2,000 kilobases; 

somes of the genome, at an average spacing from one 4. localize the chromosomal position of any single- 

another such that at least one fragment will show some copy gene for which a gene probe exists; and. 
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5. map the identity and positions of genes in a gene are located at substantially equal intervals along the 

family which may cover several thousand kilobases of length of the genome, useful for identifying polymor- 

genome. phisms linked to disease-related genes. Section VIII 

These and other objects and features of the invention illustrates the application of the gene probe cluster of 

will become more fully apparent when the following 5 the invention to studying gene organization and rela- 

detailed description of the invention is read in conjunc- tionships in a gene family, 

tion with the accompanying drawings. I. Producing DNA Pieces 

BRIEF DESCRIPTION OF THE DRAWINGS The source of genomic DNA from which the DNA 

FIG. 1 illustrates steps for producing and selecting 10 pieces are derived will typically be a particular cell 

desired junction-fragment gene probes according to one type, cell line or tissue containing the DNA which is to 

embodiment of the invention; be studied. For example, investigations of the major ~ 

FIG. 2 illustrates steps for producing and selecting histocompatibility complex (MHC) in man have been 

desired junction-fragment gene probes according to a carried out with DNA derived from peripheral blood 

second embodiment of the invention; 15 lymphocytes or macrophages obtained from normal or 

FIG. 3 illustrates steps for producing selected junc- individuals having known disease-related genetic de- 

tion-fragment gene probes according to yet another fects (reference 12). Clonal sublines, derived from lym- 

embodiment of the invention; phocytes, which therefore have a relatively uniform 

FIG. 4 illustrates steps for producing a cluster of gene genetic composition, may be preferred. The cell line 

probes according to an embodiment of the invention. 20 may be selected for specific chromosomal aberrations, 

FIG. 5 illustrates a method for localizing a chromo- such as a chromosomal deletion in. the chromosomal 

somal gene region with a cluster of gene probes con- regions of particular interest To illustrate, a stable 

structed according to the present invention; human B-lymphoblastoid cell line having a deletion of 

FIG. 6 illustrates a method for generating a series of the short arm of one copy of chromosome 6 has been 

gene probes derived from relatively evenly spaced sin- 25 prepared (reference 17). This deletion is known to ex- 

gle-copy regions of genomic DNA; and tend to the MHC genes for DR, DC, SB and HLA and 

FIG. 7 indicates the derivation of junction-fragment B. Accordingly, studies on the localization and/or orga- 

probes useful for studying the SB/DC region of the nization of these genes is unambiguous as to alleles, 

MHO since only one copy of the genes is present in the chro- 

V ■;■ DETAILED DESCRIPTION OF THE 30 2 »^cc fa Elated by standard 

procedures, which typically include successive phenol 
Sections I-V below detail steps in the construction of and phenol/chloroform extractions with ethanol pre- 
i- a gene probe or gene probe cluster in accordance with cipitation, as described generally in references 18, 19. In 
■• the invention. The steps include first, fragmenting 35 Example I below, peripheral blood lymphocytes de- 
, r . strands of genomic DNA to produce pieces which pref- rived from normal individuals were employed as a 
erably have random sizes predominantly above a se- source of genomic DNA, and the DNA was isolated by 
lected minimum length, such as SO kilobases, as de- successive phenol and phenol/chloroform extractions. 
7 scribed in Section I below. These random-size DNA A variety of methods are available for fragmenting 
^pieces may be size-fractionated by one of a variety of 40 the isolated DNA into DNA pieces having the desired 
^methods described in Section II, to produce groups of size distribution. Mixtures of DNA pieces whose sizes 
pDNA pieces which are distributed substantially in de- are predominantly 50 kilobases and greater may be 
V^fined size ranges. The DNA pieces are ligated under produced, according, to standard procedures, by partial 
conditions which lead predominantly to monomelic restriction endonuclease digestion of the isolated DNA, 
circles of DNA formed by a single-piece, end-to-end 45 Sau3A or BamHI. Procedures for establishing condi- 
Iigation. The ligation reaction, including a reaction in tions of partial digestion of high-molecular weight 
which a marker segment is incorporated in the junction DNA have been described (e.g., reference 20), and 
region of the monomelic circles, are described in Sec- generally include monitoring, by gel electrophoresis, : 
tion HI. Also described in this section is a reaction the extent of DNA digestion as a function of reaction 
method for incorporating a marker segment selectively 50 time or restriction endonuclease concentration, 
into different size groups of circularized monomers Although DNA pieces may also be formed by known 
formed from unfractionated DNA pieces. mechanical shearing methods, this approach is gener- 

Following monomer formation, the circularized ally disadvantageous in that the sheared fragments must 
DNA pieces are digested with one or more selected be first reacted with polylinkers tq attach sticky ends to 
restriction endonucleases, according to procedures de- 55 the pieces before the fragmented pieces can be circular- 
scribed in Section IV, to produce digest fragments, a ized, in accordance with the invention, 
portion of which contain the junction regions of the „ _ , , 

circularized monomers. The junction-contauiing frag- U ' Fractionating DNA Pieces 

ments (junction fragments), of interest are those having In most cases, it is advisable to fractionate the restric- 
at least one gene segment derived from a known single- 60 tion endonuclease digest pieces to remove small frag- 
copy gene region. These fragments may be identified by ments, which tend to concatemerize with other DNA 
one or a combination of a number of selection proce- pieces in the circularization reaction described in Sec- 
dures described generally in Section V below. tion HI below. Ultracentrifugation of the DNA pieces 

Section VI considers methods for localizing' a chro- through a sucrose gradient is a preferred method of 
mosome region of interest with the gene probe cluster 65 removing small molecular weight pieces, since this 
of the present invention. Section VII describes a technique is relatively simple, and can handle large 
method for producing a series of single-copy gene volumes with substantially complete recovery of the 
probes derived from single-copy gene regions which larger DNA pieces. In a typical procedure, described in 
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Example I, the DNA sample is heated briefly to inacti- 
vate nucleases, loaded on a sucrose density gradient and 
ultracentrifuged for a several-hour period sufficient to 
effect the required size separation. In a typical separa- 
tion, the greater size separation occurs in the approxi- 
mately 1 to 40 kilobase region,, with fragments larger 
than this being concentrated at the bottom Of the gradi- 
ent. Successive gradient fractions are collected, for 
example by dripping the gradients slowly from a punc- 
ture hole in the bottom of the tube, and the various 
samples are analyzed for size distribution by gel electro- 
phoresis. The samples containing the smaller pieces are 
discarded. 

Fractionation of large relatively large DNA pieces 
(in the approximately 50-1,000 kilobase region) can be 
achieved by density gradient fractionation, or prefera- 
bly, by gel electrophoretic techniques. Electrophoresis 
using 0.2% agar to achieve resolution of DNA pieces in 
the 50 to 500 kilobase size range has been described 
(reference 21). More recently, a two-dimensional pulse 
field gradient (PFG) electrophoretic method which 
allows resolution of DNA molecules of up to 2,000 or 
more kilobases long has been reported (reference 22). 
DNA digestion and gel electrophoresis may be per- 
formed in a simple 2-step procedure in which the DNA 
digestion is carried out in agarose matrix, and the digest 
particles are electrophoresed directly from the agarose 
matrix into an agarose slab (reference 22). Size-frac- 
tionated DNA pieces are recovered readily from a gel 
matrix by conventional techniques involving electroelu- 
tion and DNA extraction. 

III. Circularizing DN A Pieces 
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Generally, the reaction time required to achieve com- 
plete ligation will increase with longer DNA pieces. 

In Example IV below, the ligation of a 45 kilobase 
cosmid Bl insert from Example II to form monomelic 
circles is examined. The DNA pieces, which were pre- 
pared at concentrations between 0.6 and 30 micrograms 
per ml, were mixed with 1.6 units per microliter of T4 
DNA ligase, and the reaction carried out at 12* C. for 
12 hours. The percent circle formation achieved at each 
of the different concentrations of DNA pieces was de- 
termined by treating the ligation mixtures with EcoRI 
to produce digest fragments — a portion of which span 
the end-to-end ligation junctions — and analyzing the 
fragments produced for the presence of end segment 
regions, as evidenced by the ability of the fragments to 
hybridize end-segment probes. The results, shown in 
TABLE I of Example IV, show that substantially com- 
plete (about 96%) monomer formation is achieved at 0.6 
micrograms DNA pieces per ml. 

The requisite concentration, j x , of larger DNA pieces 
of x kilobase size, can be calculated from the above 
equation as follows: 
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. 0.6 



f3TO* 
(*)* 



micrograms/ml 



Thus, for example, the concentration of DNA pieces 
having a molecular weight of about 180 kilobases would 
3Q be about 0.3 micrograms per ml. It may also be neces- 
sary to extend the reaction time beyond 12 hours to 
achieve substantially complete ligation for the larger 
size segments. 

The specific reaction described above is one in which 
According to an important step of the invention, the the DNA pieces are ligated directly end-to-end to pro- 
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random-size or size-fractionated DNA pieces are li- 
gated under conditions which produce predominantly 
circular monomers containing end-to-end junctions. 
The general theory of DNA segment ligation as it re- 
lates to monomer and concatemer formation has been 
discussed (reference 23). The theory, which is based on 
the probability of end-ligation occurrences, predicts the 
concentration of DNA pieces, j, at which the probabil- 
ity of DNA circle formation is equal to the probability 
of formation of linear concatemers. For large molecular 45 
weight DNA molecules, 
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duce circular monomers. This method is illustrated in 
frames la and lb of FIG. 1. According to another im- 
portant aspect of the method of the invention, the reac- 
tion may be carried out under conditions in which a 
marker segment is incorporated into the junction. The 
marker segment may be one which permits biological 
selection of monomer fragments containing the marker, 
referred to generally as a selectable marker, or one 
which permits physical separation of marker-containing 
fragments, for example by affinity chromotography, 
referred to as a ligand marker. It is important that the 
marker gene be sufficiently small (less than about 300 
base pairs) so that it cannot self-circularize. One exem- 
plary selectable marker includes a suppressor tRNA 
gene which allows amber-mutated phage lambda con- 
taining the suppressor gene to grow in suppressor-free 
hosts (reference 24). The suppressor tRNA gene may 
need to be modified by attaching linker segments capa- 
ble of forming sticky-end attachment to the DNA 



• micrograms/ml, 

where kb is the length of the DNA in kilobases. The 
equation predicts, for example, that for 50 kilobase 
DNA pieces, j is approximately 9 micrograms/ml. 

The concentration of DNA pieces in the ligation 
reaction is selected to produce a high percentage (e.g., 55 pieces during the circularization reaction. Example V 
95%) of circularized monomers in the completed reac- below describes the preparation of a suppressor tRNA 
don. To determine this concentration, the mixture of marker gene having BamHI sticky-ends. To incorporate 
DNA pieces to be ligated is diluted to a number of the suppressor gene into circularized monomers, the 
increasingly dilute mixtures. The highest concentration tRNA gene is included in the ligation reaction at a 
is preferably about that predicted by the above equation 60 several-fold molar concentration excess with respect to 
to produce approximately equal number of circularized the DNA concentration, and the mixture of DNA 
monomers and linear concatemers, and the lowest con- pieces and marker gene segments are ligated under the 
centrations are typically between about 10 to 100 times conditions described above for direct-end ligation. This 
more dilute. The various-dilution DNA mixtures are method is illustrated in frames la and lb of FIG. 2 and 
incubated with a suitable ligase enzyme, such as T4 65 described in Example VI. Methods for selecting junc- 
DN A ligase, at a suitable activity concentration, such as don-fragments containing the suppressor tRNA in a 
. between about 1 and 2 units per microliter, under condi- suppressor-minus host are described in Section IV be* 
tions which produce substantially complete ligation. low. 
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Cos sites, which are carried in plasmids known as 
cosmids, are another type of selectable marker which 
may be incorporated into the junction region of mono- 
mers. The essential characteristics of cosmids, and their 
use in cloning eukaryotic DNA fragments up to 45 
kilobases, are well known. The cosmid vector selected 
is preferably one which has a unique restriction endonu- 
clease she which will allow sticky-end ligation with the 
DNA digest pieces. The cosmid vector is linearized at 
this endonuclease site, and may be further treated with 
alkaline phosphatase (reference 25) to prevent self liga- 
tion in the monomerization reaction. The linearized, 
phosphatase-treated cosmid vector is added to the 
DNA digest pieces, preferably at a 10-25 molar excess, 
and the reaction components are ligated, in the presence 
of a suitable ligase under conditions substantially like 
those described above. The reaction produces circular- 
ized monomers containing one or more junction-site 
cosmid vector segments. These are then subjected to 
partial digestion and recircularization, followed by se- 
lection of junction fragments in a conventional phage 
lambda cloning system, as will be described in Section 
IV. The cosmid cloning and selecting techniques de- 
scribed in Example II are generally applicable. 

Self-ligation of the cosmid vector in the circulariza- 
tion reaction can be minimized, as indicated above, by 
treating the vectors with alkaline phosphatase. A more 
elegant approach which avoids the problem of self-liga- 
^-tion of the vectors employs an approximately 18 base 
J 'cos site marker segment. The cos site is preferably pro- 30 
^ duced as a synthetic polynucleotide which includes 
--sticky ends capable of ligation with the sticky-end DNA 
- digest pieces. Hie ligation reaction mixture includes the 
~"DNA pieces, at the suitably low concentrations indi- 
/ cated above, a 10-100 fold molar excess of the sticky- 35 
end cos site, and a suitable DNA ligase. The compo- 
nents are reacted under conditions similar to those de- 
~ scribed above, producing circularized monomers hav- 
,' v Ing one or more of cos sites at their junction regions* 
*j>For selection purposes, the fragments are spliced into a 40 
^plasmid containing an origin of replication site requisite 
gfbr cosmid replication in a bacterial host system. The 
—^cos-site fragments are selected on this host as described 
in Section IV. 

Ligand-type marker segments include a ligand por- 45 
tion or moiety capable of binding specifically and with 
high affinity to an anti-ligand to form a ligand/anti- 
ligand complex. The ligand portion may be a length of 
single-stranded nucleic acid capable of hybridizing with 
a complementary "anti-ligand" strand, or may be an 
antigen ligand having a specific anti-ligand binding pair. 
Examples of such ligand/anti-ligand pairs include an- 
tigen/antibody carbohydrate/lectin, biotin/avidin and 
DNA sequence/sequence-specific binding protein pairs. 
The latter type of binding pair is illustrated by the lac 
operator/lac repressor protein. Where the ligand moi- 
ety is an antigen ligand, the marker segment preferably 
includes a length of typically double-stranded DNA 
having one or more antigen molecules coupled cova- 



phage Ml 3 fragments. The significance of this approach 
is that only one strand of DNA is biotinylated,. so that 
the other strand can serve as parent for viable progeny. 
The biotinylated fragments are incorporated into circu- 
larized DNA pieces substantially as has been described 
for selectable marker segments, as illustrated in frames 
la and lb of FIG. 3, and as described in Example VII. 

A cluster of junction-fragment gene probes, each 
derived from a different size-distribution of DNA 
pieces, can be prepared by ligating each of several size- 
fractionated DNA mixtures to completion under the 
ligation conditions just described. This method of gen- 
erating a probe cluster is illustrated in Example DC A 
second general reaction method for generating a cluster 
of junction-fragment gene probes derived from differ- 
ent-size DNA fragments, which will now be described, 
takes advantage of the statistically more rapid circular- 
ization of relatively small DNA pieces which occurs 
during the ligation reaction. 

From kinetic considerations, the rate of circulariza- 
tipn of a linear molecule will be proportional to the j 
concentration defined above. For two DNA fragments 
1 and 2 of length Kbj, and K02, present in equivalent 
molar concentrations in solution, their relative initial 
rates of circularization, ri, and 1*2 respectively will be . 
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In other words, the initial rate of circularization of a 50 
Kb molecule is twice as rapid as that of a 200 Kb mole- 
cule. 

The procedure is illustrated very schematically in 
FIG. 4. Initially, unfractionated DNA digest pieces are 
divided to form several preferably equal-volume reac- 
tion mixtures, each containing a range of sizes of DNA 
pieces, such as those indicated in frame la of FIG. 4. 
The reaction in each mixture is initiated at time toby the 
addition of suitable DNA ligase, and to one of the mix- 
tures is also added a 10-100 fold molar excess of either 
a selectable or ligand marker segment. After a reaction 
period A to sufficient to allow a relatively small portion 
of the DNA pieces to ligate, the ligation reaction in the 
mixture containing the selectable marker is terminated, 
yielding a relatively small portion of circularized frag- 
ments, a portion of which have incorporated the marker 
segment into their junction region, and a greater portion 
of non-circularized pieces. Because of the statistically 
greater number of smaller pieces which circularize dur- 
ing the initial ligation period A to, circularized fragments 
containing the marker segment are . skewed toward 
monomers derived from relatively small DNA pieces. 
Characteristically, A to will be between about 5 and 60 
minutes, depending, on reaction concentration condi- 
tions and the degree of size resolution which is desired. 

At a second time X\ during the ligation reaction per- 
iod, the same marker segment is added to a second 
mixture, and the ligation reaction is allowed to proceed 



lently to the nucleic acid bases. One preferred ligand 60 for a period Ati to incorporate the segment into a por- 



includes biotin which binds specifically and with high 
affinity to both avidin and to anti-biotin antibody. A 
method for attaching biotin covalently to the C-5 posi- 
tion of uridine, to form a biotinylated dUTP, is de- 
scribed in reference 26. An application of the method to 65 
form a biotm-containing marker segment is described in 
Example VII. where th e bio tin molecules are incorpo- 
rated, as biotinylated dUTP, into filamentous bacterio- 



tion of the DNA pieces which circularize, during this 
second interval. As suggested in frame lb of FIG. 4, the 
DNA pieces which circularize during the At j interval 
statistically are larger than those which have circular- 
ized during the Ato interval. The mixture, therefore, 
contains relatively small circularized monomers which 
do not contain the marker segment and larger circular- 
ized monomers which do, plus relatively large uncir- 
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cularizcd pieces. The Ati interval will typically be 
somewhat longer than the Ato interval, in order to pro- 
duce marker segment incorporation into approximately 
the same number of circularizing DNA pieces. 

Similarly at a later time t& the marker segment is 
added to a third group which is then allowed to react 
with the segment over At2 interval, to incorporate the 
marker into still larger DNA pieces, on a statistical 
basis, as indicated at the lower portion of frame lb of 
FIG. 4. The marker segment is added to successive 
groups, at increasing times and for increasingly longer 
time intervals, to incorporate the marker segment simi- 
larly into increasingly larger DNA pieces. Example X 
below illustrates this procedure as it is applied to incor- 
porate suppressor tRNA into successively larger-size 
DNA monomeric circles. 
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IV. Producing Junction Fragments 

The circularized monomers formed in accordance 
with Section III are treated with a selected restriction 20 
endonuclease or endonucleases to release fragments 
which contain the end-to-end junction of each mono- 
mer and the adjacent end segments derived from the 
opposite end regions of the DNA pieces forming the 
monomer. The junction fragments are formed by di- 
gesting the monomers to completion with a single re- 
striction endonuclease, selected according to clone 
structure, which acts to cleave the monomer at a dis- 
tance of several thousand base pairs from either, side of 
the end-to-end junction site(s), or the monomers are 
partially digested to generate fragments of a size suit- 
able for cloning in lambda vectors, such as lambda 
XCh4A, or in cosmids. The endonuclease, of course, 
must not have a recognition site in the junction region 
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gene region C is arbitrarily designated as downstream 
of gene A, it can be appreciated that the junction joins 
the downstream end of segment C to the upstream end 
of segment A. Moreover, it is clear that the junction 
fragment, which does not include the 20-2,000 kilobase 
region between the A and C gene regions of the DNA 
piece from which the junction fragment was derived, is 
substantially shorter than this DNA piece. 

More generally, the junction fragment of the inven- 
tion includes a first segment which is derived from a 
first gene region of a fragment of DNA, and a second 
segment which is derived from to a second gene region 
positioned downstream of, and spaced from, the first 
gene region of the DNA fragment, by between about 
20-2,000 kilobases, where the downstream end of the 
second segment is connected adjacent the upstream end 
of the first segment 

Where, such as in the examples illustrated in FIGS. 2 
and 3, the junction fragment contains a marker segment 
the junction-fragments which are produced by- restric- 
tion endonuclease digestion will contain end segments 
joined by the marker segment, which may be a select- 
able marker segment such as illustrated in FIG. 2, or a 
ligand marker segment as illustrated in FIG. 3. The only 
additional consideration in producing junction frag- 
ments containing marker segments is that the restriction 
endonuclease used to cut the circularized monomers 
does not produce cleavage in the marker segment re- 
gion of the monomers. Preferably, and particularly 
where a selected restriction endonuclease produces the 
desired lengths of end segments in the junction frag- 
ment, the marker segments are constructed to contain 
no recognition site(s) for the selected restriction endo- 
nuclease. Thus, in Examples V and VI, where marker 



of the monomers. Example IV below details a method 35 segment-containing junction fragments are produced by 
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for releasing junction fragments from circularized mon- 
omers by EcoRI digestion. 

Describing the generation of junction fragments with 
reference to FIG. 1, frame la of this figure shows two 
different DNA pieces, one having an end-adjacent seg- 
ment indicated at A and a second piece having internal 
A and B segments. Each of the two fragments have four 
EcoRI sites as indicated. Dilution and ligation of the 
two fragments, performed in accordance with Section 
HI, produces the corresponding circular monomers 45 
shown in frame lb of FIG. 1. The upper monomer 
includes end-adjacent A and C segments joined to- 
gether at an end-to-end junction region and bounded by 
two EcoRI sites as shown. The other monomer contains 
end-adjacent D and E segments joined together at an 
end-to-end junction region which is also bounded by 
EcoRI sites, as indicated, and which is positioned oppo- 
site the A/B region as shown. Digestion of the upper 
monomer produces an A/C junction fragment and three 
parental fragments which contain neither A nor C seg- 
ments. Digestion of the lower monomer produces a 
single junction fragment which contains neither A nor 
B segments, a parental fragment which contains both A 
and B segments, and two parental fragments which 



EcoRI digestion of circularized monomers, the suppres- 
sor tRNA marker segment was constructed, according 
to Example V, to eliminate end-segment EcoRI sites. 
Similarly, the biotinylated marker segments employed 
in Example VII were selected from double-stranded 
bacteriophage pieces which had been previously di- 
gested with EcoRI and made blunt-ended by reaction 
with IS. coli polymerase, to eliminate EcoRI sites. 

IV. Selecting Junction Fragments 

One important feature of the selection step of the 
invention is that the junction fragments which are se- 
lected include at least one end segment which is derived 
from an isolated single-copy region of the genomic 
DNA. As will be seen, selecting junction fragments 
containing this single-copy region generally requires a 
probe derived from the region. The probe may be one 
which is available from studies on gene localization or 
organization. For example, studies on the MHC have 
led to the identification of a number of cloned inserts 
corresponding to single-copy regions of the MHC, pro- 
viding a number of probes for selecting junction frag- 
ments derived from the MHC (reference 27). Similarly, 
a number of restriction fragment length polymorphisms 
contain neither segment. Methods for selecting the de- 60 (RFLP) which have been identified and shown to have 
sired A/C junction fragment from the other endonucle- a linkage relationship in human pedigrees to inheritable 
ase digest fragments will be detailed in Section IV be- diseases provide another group of useful probes, 
low. It suffices at this point to note that the desired A/C Copy DNA (cDNA) probes corresponding to single- 
junction fragment includes a first segment derived from copy genes which are functionally active in protein 
the A gene region located at one end of a DNA piece or 65 synthesis are also useful probes and can be obtained by 
fragment, a second segment derived from the other end copying messenger RNA (mRNA) isolated from cells 
of this piece, and a direct end-to-end junction or con- active in protein synthesis. The mRNA is typically 
nection between the two segments. If the orientation of extracted as a poly A RNA fraction, and may be size 
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fractionated, for example by gel electrophoresis, to ing segment A but not segment B will have formed from 
yield RNA corresponding to a particular-size gene a DNA piece in which the end segment opposite end 
product. Techniques for isolating, size-fractionating and segment A will always be located downstream of A, ie. 
copying messenger RNA to produce clonable cDNA's in the direction opposite the A to B direction. Accord- 
are described generally in reference 28. Immune precip- 5 ingly, in any selected A/C/junction fragment, the orien- 
itation of polysomes carrying nascent polypeptide per- tations of A with respect to Q will be known, 
mits isolation of an mRNA fraction enriched in a se- A second general procedure for selecting direct end- 
lected mRNA species, as discussed, for example, in to-end junction fragments containing at least one iso- 
reference 29. A more recent method involving nucleic Iated end segment involves the recombination and se- 
acid primer extension exploits very limited amino acid 10 lection technique reported in reference 32. In this pro- 
sequence data from a selected polypeptide to produce a cedure, a recombination sequence corresponding to a 
synthetic polynucleotide which can combine directly selected gene region, such as region A of the DNA 
to, and be extended on, the corresponding gene region pieces in FIG. 1, is inserted into a small plasmid vector 
of single-stranded genomic DNA. The extended dou- which is then introduced into recombination-proficient 
ble-stranded regions can be selectively cleaved and 15 host bacterial cells. The plasmid also contains, adjacent 
directly used as a probe for genomic clones without the heterologous probe sequence, a selectable marker 
going through a cDNA intermediate (references 30, 3 1). gene, such as suppressor tRNA gene, which can be used 
DNA probes derived from random, single-copy re- to provide selection for vectors which acquire the 
gions of genomic DNA can be produced by conven- marker gene by recombination. Suitable plasmid vec- 
tional cloning techniques in which random digest frag- 20 tors, recombination-proficient bacterial cells and meth- . 
ments of genomic DNA are cloned and screened for ods for introducing the probe sequence and selectable 
single-copy inserts. A refinement of this general proce- marker into the plasmid vector are described in refer- 
dure, which is described in Example m, provides DNA ence 32 and reference 18, pp 353-361. 
probes corresponding to end segments of a cloned To select junction fragments which contain a selected 
DNA insert in the 35-45 Kb size range. 25 gene region, such as the A gene region in FIG. 1, the 
For each of the probe types described above, the recombination-proficient bacterial cells are infected 
probe may be cloned in a suitable cloning vehicle, and with bacteriophage libraries of the fragments, leading to 
radiolabeled conventionally by nick-translation for use homologous-reciprocal recombination between the 
in probe-hybridization studies, such as in Southern-blot probe region of the plasmid (i.e., the A region) and the 
- ^/ analysis* 30 homologous region of junction fragment carried in the 
The use of single-copy probes for selecting desired infecting bacteriophage. This recombination yields 
Junction fragments will be considered first with refer- phage bearing an integrated copy of the probe plasmid 
: ; *va* .ence to junction fragments that have been formed by and the suppressor tRNA selectable marker gene from 
h. direct end-to-end ligation. With reference to FIG. 1, the plasmid. The phage are then used to infect a suitable 
region A represents a DNA region whose localization, 35 suppressor-free bacterial host. A plaque will contain 
orientation and/or relationship with one or more adja- phage lambda having the desired A region-containing 
,* />cent genes is to be investigated. As a first case, it is segment With reference to frame C of FIG. 1, these 
assumed that probes derived from the spaced gene re- fragments include both A/C junction fragments and 
^ gions A and C (upper fragment in frame la) are avail- A/B parental fragments. The junction fragments are 
^ ^ able. This case would apply, for example, where the 40 selected from the parental fragments by screening with 
injunction fragments of the invention are used to study either probe A or probe B in accordance with the ratio- 
^STthe spacing and/or orientation between known regions nale and methods discussed above. This method is con- 
A and C. After digesting the circularized monomers to ; siderably faster than the 2-probe screening method de- 
form the various junction and parental fragments shown scribed above, first, because the screening step involves 
in frame lc of FIG. 1 (Example IV), these fragments are 45 only one probe, and secondly, because the number of 
cloned and screened for the ability to hybridize probe A plaques which must be screened with the probe is rela- 
and probe C As seen in frame Uof FIG. 1, only the tively small. 

desired A/C junction fragment will hybridize both FIG. 2 illustrates a procedure for selecting junction 
probes, whereas parental fragments containing either A fragments which have incorporated one or more select- 
or C gene regions will hybridize with one or the other 50 able marker genes, in this case the suppressor tRNA 
of the probes only. One preferred method for cloning gene, into the junction region. The procedure is like the 
and screening the fragments, described in Example IV, . homologous recombination selection procedure de- 
includes ligating the fragments in a suitable restriction scribed above, except that here the selectable marker is 
endonuclease site in bacteriophage lambda, infecting an inserted directly into the junction fragment during mon- 
& coli host with the packaged lambda, fixing the 55 omer formation, rather than through a recombination 
plaques on nitrocellulose filters, and hybridizing the event involving cloned junction fragments. With refer- 
DNA on the filters with nick-translated probe A or ence to frame lb in FIG. 2, circularized monomers, a 
probe C. portion of which contain suppressor tRNA at their 
In a second general case, a pair of probes correspond- junction regions, are treated with a selected restriction 
ing to the A region and an immediately adjacent B 60 endonuclease, such as EcoRI, to produce junction, and 
region, as indicated in the lower insert of frame la of parental fragments whose end segment compositions 
FIG. 1, are available. With reference to frame Id of this are similar to those shown illustrated in frame lc of 
figure, it can be appreciated that selection of the cloned FIG. 1. These fragments are spliced conventionally into 
junction fragments by probes A and B will identify bacteriophage lambda, which are then packaged by 
A-containing junction fragments as those which hybrid- 65 conventional in vitro methods and used to infect a suit- 
ize A but not B, and will identify, A-containing parental able suppressor (— ) bacterial host strain. The host strain 
fragments as those which hybridize both A and B. It is is plated under conditions which allow for plaque de- 
als© seen from FIG. 1 that a junction fragment contain- . velopment in cells infected with suppressor (+) lambda 
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phage. As shown in frame lc of FIG. 2, this procedure 
selects for phage carrying only junction fragments 
which have incorporated suppressor-tRNA at the junc- 
tion site. The desired A/C junction fragments are se- 
lected by screening the phage-infected plaques with a 
selection probe, such as probe A. The selected A-region 
junction fragments are preferably screened further by a 
standard blotting technique, using total nick-translated 
genomic DNA, to identify those junction fragments 
which are single copy in both end segments. Example 
VI below details methods for incorporating a suppres- 
sor tRNA into monomelic circles, and for selecting 
suppressor tRNA-containing junction fragments whose 
end segments are derived from single-copy regions. 
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second gene regions located at increasingly spaced in- 
tervals from the first gehe region, such as increasingly 
spaced gene regions Co, Ci and C2 illustrated in frame 
la of FIG. 4. Preferably both segments in each probe 
are derived from single-copy gene regions. 

With reference to FIG. 4, which illustrates one 
method for selecting a cluster of junction fragment 
probes, the three groups shown in frame lc of the figure 
are each digested to completion with EcoRI to produce 
10 junction and parental fragments. Bacteriophage lambda 
containing the fragments is packaged and plated on a 
suppressor (— ) bacterial host strain. Only those junc- 
tion fragments containing a suppressor tRNA marker 
_ _ _ segment at the junction region will produce plaques in 
This and the following methods allow production of 15 the host cells. Each group of plaques in screened indi- 
extensive junction fragment libraries that can be used vidually with probe A to identify junction fragments 
repeatedly for generation of probe clusters. containing the selected gene region A, as shown in 
A third general selection procedure, described with frame lc of this figure. The selected junction fragment 
reference to FIG. 3, is applicable to junction fragments probes may be further screened by nick-translated total 
containing a ligand marker segment at the junction 20 genomic DNA to identify those junction fragments 
region. Circularized monomers, which are shown in whose other end segments are also single-copy gene 
frame lb of FIG. 3, are digested with a selected restric- regions. As indicated, the selected cluster of probes 
tion endonuclease, such as EcoRI, and the ligand-con- include A/Co, A/Ci and A/C2 probes, where statisti- 
taining junction fragments are separated from non* cally, Co, Ci, C2 are increasingly spaced from region A 
ligand containing fragments by their ability to bind 25 in the genomic DNA. Examples IX and X detail meth- 
specifically and with high affinity to an anti-ligand. " * 
Preferably, the anti-ligand is carried on a solid support, 
allowing fragment separation by conventional affinity 
chromotography. In the method described in Example 
VH, biotin-labeled junction fragments are separated 30 
from other EcoRI digest fragments by affinity chromo- 
tography on a sepharose solid support prepared to con- 
tain surface-coupled anti-biotin antibody. After frag- 
ment-binding and column-washing steps, the bound _ ^- 

fragments are released by elution with a high salt/urea 35 hybridization. The known probe is one derived from a 
solution. single-copy gene region of interest, which may include 

The selected ligand-labeled junction fragments are a functionally active gene, a region of identified DNA 
spliced into a suitable cloning vector, such as bacteria- polymorphisms, or a random, single-copy gene region, 
phage lambda, to clone the fragment inserts. Plaques of Several sources and methods of producing such probes 
a suitable bacterial host infected with the phage lambda 40 are mentioned in Section V. The gene localization 



ods for producing a cluster of probes derived from 
size-fractionated and unfractionated DNA pieces, re- 
spectively. 



VI. 



Localizing a Chromosomal Region of a DNA 
Probe 



One important application of the gene probe cluster 
of the present invention is in localizing the chromo- 
somal region of a known, single-copy probe in in situ 



may be screened for junction fragments containing a 
desired gene region, e.g., the A region of FIG. 3, and 
for single-copy end segments, by successive screenings 
with probe A and nick-translated genomic DNA, sub- 
stantially as described with respect to FIG. 2. Alterna- 
tively, junction fragments containing the probe A gene 
segment may be selected by the plasmid-recombination 
method described above (reference 32), allowing selec- 
tion of region-specific junction fragments according to 
the appearance of plaques in an infected, suppressor (— ) 
host. The latter procedure, involving ligand-speciflc 
selection in conjunction with gene region-specific re- 
combination selection, allows the desired junction frag- 
ments containing the selected gene region to be isolated 
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method of the invention will be described with particu- 
lar reference to FIG. 5, which shows in the upper por- 
tion of the figure, a region of chromosome which in- 
cludes single-copy gene regions designated A, B, Co, 
Ci, C2, . . . Cn, where A represents the region to be 
localized. 

A cluster of junction-fragment probes designated 
A/Co, A/C], A/C2 and A/Q, in FIG. 5 are produced in 
accordance with methods described above, such as the 
method illustrated in FIG. 4. The probes typically are 
cloned in a suitable vector, such as bacteriophage 
lambda. To hybridize the probes with the chromoso- 
me^) of interest, the probe-containing cloning vectors, 
or suitable endonuclease digests thereof, are added to a 



without probe screening, and is therefore a relatively 55 cytoplasmic chromosome spread, and allowed to react 
efficient method for identifying desired junction frag- *"* - * * « — - - - * 

ments. The selected junction fragments may be further 
screened by total genomic, nick-translated DNA for 
fragments in which both end segments are single-copy 
gene segments. 

The selection methods described above are generally 
applicable both to selection of individual junction-frag- 
ment gene probes, and to clusters of gene probes. In the 
cluster of gene probes formed in accordance with the 



with denatured chromosomal DNA under standard 
hybridization conditions. As seen in the lower portion 
of FIG. 5, in situ hybridization of the probes leads to 
probe binding to the A gene region and to each C/ re- 
ft) gion for which an A/C/ probe exists. The net effect is to 
hybridize a series of probes to a plurality of single-copy 
regions at and adjacent the A-region of interest. 



To calculate an approximate number of probes avail- 
able for binding to and adjacent the A region, it is as- 
invention, each probe includes a first segment which is 65 sumed that, conservatively, at least half of the DNA 
complementary to a first region of genomic DNA, such sequences are unique, and that the average length of a 
as gene region A shown in the figures, and a second probe end segment is about 2 kilobases. Thus, for a 
segment which is complementary to one of a series of cluster of junction probes derived from DNA pieces 
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roughly in the 20 to 500 kilobase size range, at least 
about 100 unique end segment probes capable of hybrid- 
izing in the locale of the A region will be formed. The 
number of probes, of course, can be easily increased by 
extending the range of sizes of DNA pieces from which 
the junction-fragment probes are derived. Thus the 
method can be practiced to bind at least about 100 
probes to the DNA region to be localized. 

The location of the junction-fragment probes on the 
chromosome can be detected by conventional methods, 
such as autoradiography or fluorescence microscopy. 
For autoradiographic determination, the junction-frag- 
ment probes are radiolabeled, preferably in their clon- 
ing vectors, by known techniques, such as nick-transla- 
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pieces having a length corresponding approximately to 
the distance between adjacent O/ genes. These pieces 
are circularized and digested to form junction frag- 
ments, including those designated Q1/G2, O2/O3 and 
G3/G4 in FIG. 4. 

Initially, the junction-probe fragments are selected, 
according to above-described methods (Section V) for 
the presence of a Oi gene region and a second single- 
copy end segment, designated G2 in FIG- 6V The orien- 
tation of G2 with respect to G\ can be ascertained by 
identifying, from a cloned insert of genomic DNA con- 
taining Gij a short gene region Gi' located immediately 
adjacent Git and a right-adjacent restriction endonucle- 
ase site, e.g., an EcoRI site, indicated in FIG. 6 by a 



tkm. After hybridizing the radiolabeled probes to the 15 vertical mark just to the right of Gi'. It can be appreci- 



chromosomes, the chromosomal material is spread on 
autoradiography film, dried and exposed according to 
conventional techniques. Example XI below illustrates 
this autoradiography techniques for gene localization. 



ated from FIG. 6 that in all junction fragments contain- 
ing both Gi and Go* the other probe end segment— i.e., 
G2 — will be derived from a gene region located to the 
right of Gi in the figure, i.e., in the Gi-to-Gi' direction. 



For detecting the hybridized probes by light or fluo- 20 However, unless a circularized genomic-DNA end 



rescence microscopy, the junction-fragment probes in 
the probe cluster are preferably formed to include, at 
their junction regions, ligand marker segment by which 
: a reporter-labeled anri-ligand can be attached to the 
probes. The reporter attached to the anti-ligand may 25 
include a variety of enzymes, chromophores or fluores- 
cent reporter molecules. It is interesting to note that, in 
polytene phase chromosomes of Drosophila, fluores- 
k ' .;' cent signal for detecting probe localization is achieved 
•f'x easily with a 1 kflobase probe. Assuming that there are 30 
f - a total of about 1,000 such probes bound to the polytene 
-V chromosome, and that the signal is sufficiently strong 
:^ that the total number of probes could be reduced 5-foid 
and still achieve unambiguous localization of the 
probes, the method of the invention would provide a 35 
comparable microscopic visualization of a localized 
gene region with a cluster of about 100 probes, whose 
size average is about 2 kilobases. 
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piece terminates in the region between the left end of 
the Gi' region and the right-adjacent endonuclease site 
(a low probability occurrence due to the small size of 
this region), all junction probes which hybridize the Gi 
probe, but not a G\' probe, will have a right-to-left 
segment orientation (opposite the Gi-to-G2 orientation). 
Accordingly, by using the Q\ and adjacent G\' probes, 
G1/G2 junction probes having the desired Gi-to-G? 
orientation will be selected. 

The newly selected G1/G2 probe is used to identify a 
junction fragment derived from the G2-G3 DNA piece 
which has yielded a G2/G3 junction fragment, as shown 
in the figure. This may be done by using the G1/G2 
junction fragment to select, from a genomic DNA li- 
brary of digest fragments of the genome, an insert con- 
taining G2. From this insert, a G2' region to the right of 
the G2 region and bounded by a right-adjacent endonu- 
clease site can be identified (FIG. 6). All G2/G3 junc- 
tion fragments which hybridize with both G2 and G2 
probes will then have the desired segment orientation, 
for the reason discussed above. 

The selection procedure is repeated until junction- 
fragment probes, such as G3/G4, derived from gene 
regions spaced uniformly along the entire portion of the 



VII. Forming a Bank of Genomic Probes 

According to another application of the gene probe 
r invention, there is provided a method for generating a 
? series of junction-fragment probes derived from single- 
copy gene regions which are substantially uniformly _ 

spaced along a large portion of genomic DNA, which 45 DNA of interest have been selected. The gene region or 

pay include the entire genome. The gene region spac- regions from which any of the probes were derived can 

xng may range between about 20 to 2,000 kilobases, be readily localized, by in situ hybridization, employing 

depending on the intended application of the series of the general procedures described in Section VI above, 

junction-fragment probes which are formed. As indi- Typically the location of every fifth to tenth junction 

cated above, one specific application of this method is in 50 fragment probe will be determined to confirm the posi- 

generating a series of probes which can be used to local- tions of the gene regions from which the "intermediate" 

ize and identify single-copy polymorphic DNA regions junction-fragment probes were derived, 

which are associated with particular disease states. In To detect and localize DNA polymorphisms by the 

this application, the probes are derived from gene re- method of the invention, DNA derived from a sample 

gions which are preferably spaced about 1,000 kilobases 55 of the population (e. g., 10-20 people) is treated with one 

from one another. of typically three restriction endonucleases whose rec- 

With reference to FIG. 6, there is shown a length of ognition site is commonly associated with polymor- 

genomic DNA containing four single-copy gene re- phisms. These endonucleases include TaqI, Mspl and 

gions, designated Gi, G& G3 and G± which are spaced HincII (reference 33). The digest DNA fragments are 

along the DNA strand at the desired-interval spacing. It 60 analyzed by Southern blot analysis and screened se- 



ts understood that the portion of DNA which is illus- 
trated represents only a small portion of a single strand 
of DNA. The DNA is first digested to produce pieces 
like those shown in FIG. 6, whose end segments contain 
the adjacent gene regions of interest The total DNA 65 
digest, which is typically a partial digest, may be size 
fractionated, according to methods described in Section 
II, to yield a DNA sample which is enriched in DNA 



quentiaily with the junction-fragment probes Gt/Gi+i. 
Restriction length fragment polymorphisms (RLFP) . 
are evidenced by binding of a single radiolabeled probe 
to different bands (derived from different individuals) in 
the Southern blot Procedurally, the fragments bound 
to the nitrocellulose filter in the Southern blot are ex- 
posed individually to one of the radiolabeled junction- 
fragment probes under hybridization conditions and the 
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filter is then developed against X-ray sensitive film to 
detect the presence of bound probe. If variation in the 
band pattern for different individuals is not observed, a 
second probe in the series is similarly applied to the 
nitocellulose filter, which is again developed to detect 
the presence of bound probe. This procedure may be 
repeated five or six times with each filter. 
- Those probes which detect polymorphic regions of 
digested DNA may then be used to investigate the link- 
age between the identified polymorphic region and the 
associated inheritable disease gene. 

In gene regions of particular interest, such as within 
the MHC system, which appear to contain a large num- 
ber of polymorphisms linked to inheritable diseases, it 
may be advantageous to increase the resolution of the 
technique by forming a series of junction fragment 
probes derived from more closely spaced (e.g., 200 
kilobases) gene regions. 

Vm Studying Gene Families 

FIG. 7 is a map of the MHC, several gene regions of 
which are likely candidates for detailed study by the 
methods of the invention. One region of interest is the 
region of Class II gene between the SB and DR genes 



10 



IS 



20 



first method involves forming a cluster of junction frag- 
ment probes, each of which has an end segment corre- 
sponding to one of the original probes, such as the SB or 
DR probes. The other end segment in each of the 
probes is derived from one of a plurality of single-copy 
regions located at increasing distances from the com- 
mon end-segment region. FIG. 7 illustrates a cluster of 
probes, each having an SB probe end segment, and a 
second end segment derived from random single-copy 
gene regions located at various distances from the SB 
gene. The probes in the cluster are used to screen a 
genomic library, and will therefore identify all cloned 
inserts containing either the the SB gene or each region 
corresponding to one of the second end segments in the 
probe cluster. After the cloned inserts are identified, 
and assuming the entire region is represented by one or 
more of the inserts, a map of the region can be con- 
structed by conventional overlap analysis of the inserts, 
in which single-copy end segments of one cloned insert 
are used to probe for corresponding internal regions of 
one or more overlapping inserts. 

In a second method, illustrated generally at the right 
in FIG. 7, the SB-DR region of interest is subdivided 
^ _ into a number of substantially equal-distance intervals, 

shown. This region, which may be up to 2 centunorgans 25 according to the method described above with refer- 
iu linkage distance, is believed to include several genes ence to FIG. 6, to produce a series of probes, such as 
for heavy and light genes which have yet to be identi- iboac shown in FIG. 7, derived from substantially 
fied, and which may be found to correlate with disease equally spaced intervals along the region. This cluster 
states associated with a large number of known poly- of probes « used to screen genomic DNA libraries, as 
morpmsms in this region (reference 16). As part of a 30 above, to identify inserts containing one of the probe 
systematic study of the region, it would be valuable to reg i 0 ns. The advantage of this method, obviously, is 
G ►determine i the Mobase distance between the SB and ^ ^ ap p r0 ximate location of each of the junc- 
DC genes and the DC and DR genes and (2) construct non-fragment probes is known, the work involved in 
a cluster or series of junction fragment probes for identi- constructing a map of the identified gene inserts is sub- 
Jf^° ne c ?°* cd « OTO,mc **** msert everv 50 35 stantially reduced. Balanced against this is the greater 
^^^J 1 ^ r S£°™ , ™> ^ort needed to construct the series of probes by this 

Probes derived from the SB, DC and DR gene re- sequential method, 
gions have been reported (reference 35). To map the The following examples illustrate various aspects of 
distance *tween the SB and DC gene regions, human ^ b * t no way intended to limit the 

genomic DNA containing these regions, and preferably 40 
derived from the above-described cell line which is 
hemizygous in chromosome 6 (reference 35a), is par- 
tially digested under conditions which produce pre- 
dominantly 50 to 2,000 Idlobase DNA pieces. Shorter- 
length partial digest pieces may be removed, for exam- 45 
pie, by centrifugation as described, and the remaining, 
predominantly large DNA pieces are then size fraction- 
ated, according to above methods, into a number of 
distinct size groups Such as groups having size averages 
of about 50, 100,200, 300,400, 500 and greater than 500 50 
Idlobase pieces. Junction fragments produced from each 
of these size groups are screened successively with the 
SB, DC and DR probes to identify inserts containing 
two of the three gene regions. From the size of DNA 
pieces from which the identified junction fragments are 55 
derived, the approximate genomic-DNA distance be- 
tween the corresponding two probe regions is known. 
For example, the distance between the SB and DC 
regions is approximately the length of DNA pieces 
from which was derived the junction fragments) capa- 60 
ble of hybridizing both the SB and DC probes. Similar 
determinations of the DC to DR distance and the SB to 
DR distance would provide an internal check of the 
genomic distance determinations. 

Junction fragment probes needed to identify genomic 65 tions, as described generally in reference 19. The DNA 
DNA digest inserts derived from the region of interest, was suspended in a standard digest buffer to a concen- 
such as the SB-DR region, can be constructed by either tration of about 0.5 micrograms/ml, and digested to 
of two general methods which are discussed above. The completion with BamHL The digest buffer included 1 50 



scope thereof. 

Bacterial Strains and Vectors 

The following bacterial strains and vectors can be 
obtained from the American Type Culture Collections 
(ATCQ, 12301 Parklawn Dr. Rockville, MD 20852; 
Bacterial strain LE392, (ATCC #33572); bacterial 
strain HB101 (ATCC #33694); and cosmid vector 
pHB8 (ATCC #37074). Bacterial strain CA0274 is 
available from the EL coli Genetic Stock Center, Dept. 
of Human Genetics, Yale School of Medicine, 333 
Cedar St., New Haven, CT 30333, and is identified by 
stock #CGS 4990. Lambda phage CM6A is available 
on requrest from Dr. Fred Blattner, University of Wis- 
consin Laboratory of Genetics, 445 Henry Mall, Madi- 
son, WI 53706. 

EXAMPLE I 

Preparation of Genomic DNA Pieces 

This example describes the preparation of genomic 
DNA digest pieces in the 35-45 kilobase size range. 
Peripheral blood lymphocytes were derived from nor- 
mal individuals and the genomic DNA was isolated by 
successive phenol and phenol/chloroform (1:1) extrac- 
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mM NaCl, 6 mM MgCl2. pH 7.9, and digestion was 
carried out for 60 minutes at 37* C The BamHI was 
inactivated by heat treatment at 70* C. for 15 minutes. 
The digested DNA was extracted with phenol/- 
chloroform, and precipitated with 70% ethanol. 5 

The DNA digest pieces were size fractionated by 
ultracentrifugation, substantially as described in refer- 
ence 36. Briefly, the DNA sample was heated for 10 
minutes at 68* C., cooled to 20* C, then loaded on 
10%-40% sucrose density gradients in ultracentrifuga- 10 
tion tubes. The sucrose solution contained 100 mM 
NaCl, 10 mM Tris-HO and 6 mM EDTA. The samples 
were centrifuged at 23,000 rpm, 14* C, for 20 hours. 

To recover the fractionated DNA material, a small 
hole was punctured at the bottom of the centrifuge tube 15 
and successive 0.5 ml fractions were collected. These 
fractions were analyzed by agarose electrophoresis 
(0.3% agarose gel) using DNA fragments of known 
sizes as markers. The fractions identified as containing 
predominantly 35^45 kilobase pieces were combined 20 
and re-extracted with phenol, and phenol/chloroform 
and ethanol precipitated. 

EXAMPLE II 

This example describes the cloning of several of the 25 
BamHI digest pieces from Example I in a standard . 
cosmid vector, and identification of the end segments in 
. each of the cloned pieces. Cosmid vector pJB8, ob- 
. tained from D. Ish-Horowicz (reference 37), was linear- 



trinucleotides (2.5 mM), including 32 P-labeled dGTP 
(reference 39). The labeled pieces were digested to 
completion with EcoRI, and the resultant EcoRI frag- 
ments were analyzed by electrophoresis on 0.8% aga- 
rose gel, followed by autoradiography,, to identify the 
two BamHI/EcoRI end pieces in each of the cloned 
inserts. The BamHI/EcoRI end segments from cosmid 
Bl-6 were identified as 2.2 and 2.4 kilobase gene regions 
which are shown, in the procedure described in Exam- 
ple HI below, to be non-repetitive. The two BAM- 
HI/EcoRI end segments from cosmid Bl-6 were sub- 
cloned into plasmid pBR328, which is widely available. 
The subcloned probes were nick-translated for use in 
several of the examples below. 

EXAMPLE HI 

Selecting DNA Pieces Having Single-Copy End 
Segments 

The end-labeled BamHI insert pieces from the six 
selected cosmid vectors in Example II, digested with 
EcoRI as described in Example II, were electro- 
phoresed on 0.8% agarose gel and transferred to a nitro- 
cellulose filters for Southern blot analysis (reference 
40). The DNA fragments bound to the filter were hy- 
bridized with total blood lymphocyte DNA from Ex- 
ample I which had been radiolabeled by nick translation 
(reference 41). Single copy BamHI/coRI fragments 
were readily distinguished by autoradiography. Both 



ized by treatment with BamHI, and further treated with 30 the 2.2 and 2.4 kilobase BamlWEcoRI end Jra^ents 
phosphatase, to prevent self-ligation. The linearized, " ^ 
phosphatase-treated cosmid (1 ug) was added to 1 ug of ~ 
the BammHI digest pieces from Example I to a final 
DNA concentration of about 0. 1 ug DNA per ul. Bacte- 
riophage T4 DNA ligase (800 NEB units) was. added, 35 
and the mixture was incubated overnight at 12* C Con- 
version of the the DNA fragments to high-molecular- 
weight concatamers was confirmed by electrophoresis 
through a 0.4% agarose geL 



from cosmid Bl-6 were identified by this method as 
single-copy gene regions. 

EXAMPLE IV 

Circularjration of DNA Pieces 

The example describes the ligation of the 45 kilobase 
cosmid Bl-6 insert (Example II) to form monomelic 
circles. 



One ug of the 45 kilobase BamHI insert from cosmid 
The "gated material was packaged using a standard 40 B1 _$ f obtained as in Example n, was added to 30 to 



lambda in vitro packaging system (reference 38), and 
the packaged material (0.25 ug DNA) was used to trans- 
feet the bacterial host & colt strain HB101. Selection of 
bacterial hosts containing cosmid DNA was based on 
ampicillin resistance conferred on the host by an ampi- 45 
cfllin resistance marker carried by the cosmid. Approxi- 
mately 20 transfected colonies were selected, and the 
cosmid DNA was isolated from each colony by an 
a lk al ine lysis method, substantially as described in refer- 
ence 37. The selected DNA preparations were resus- 50 
pended in the above digest buffer. Each DNA prepara- 
tion (1 ug) was mixed with BamHI (4 units) and the 
mixture was incubated at 37* C for 30 minutes to re- 
lease the BamHI inserts. The BamHI digest fragments 
were analyzed by electrophoresis through 0.7% aga- 55 
rose. Six of the selected cosmid vectors were identified 
as containing a single 35-45 kilobase BamHI insert 
From each of the six selected vectors several hundred 
micrograms of vector DNA was prepared and treated 
with BamHI, to release the corresponding 35-45 kilo- 60 
base insert. The BamHI digest fragments (100 ug) from 
each vector were fractionated by ultracentrifugation 
over a 10%-40% sucrose gradient, as in Example I, to 
obtain gradient fractions containing the 35-45 kilobase 
insert. 65 

The insert pieces were radiolabeled at both ends by 
reacting the insert DNA with & coli DNA polymerase, 
Klenow fragment, (5 units) in the presence of all four 



1,500 microliters standard ligase buffer containing T4 
DNA ligase (1.6 NEB units/microliter) to yield one of 
the four DNA concentrations, expressed in micro- 
grams/microliter shown at the left in TABLE I below. 
These concentrations were selected on the basis of the 
ligation theory discussed above, which predicts that 45 
kilobase fragments have an equal probability of forming 
either circles or linear concatemers at about a 10 micro- 
grams/ml concentration. Ligation was carried out at 
12" C for 12 hours. After ligation, each of the DNA 
reaction mixtures was precipitated by the addition of 2 
volumes of ethanol, and the precipitated DNA was 
resuspended in water to a final concentration of about 
25ugDNA/ml. 

TABLE I 



[DNA] 




(ug/mi) 


% circles 


0.6 


96 


1.25 


75 


3 


60 


30 


15 



To determine the percent of DNA comprising mono- 
melic circles, each DNA fraction was digested to com- 
pletion with EcoRI, under standard conditions. The. 
EcoRI digest fragments (0.05 ug) were ligated into the 
EcoR site of-bacteriophage lambda Chi 6 A, which was 
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then packaged, according to standard in vitro packag- transfected into bacterial strain CARD-IS (obtained 
ing procedures and plated on R coli strain LE392, at a from Dr. Robert Dunn) which contains an amber ma- 
density of about 2,000 plaques per plate. The plaque tated lac gene. Plating the transfected bacteria on Mac- 
DNA was fixed on nitrocellulose filters, substantially as Conkey's agar, (Difco) containing lactose demonstrated 
described in reference 42, and these nitrocellulose filters 5 that the suppressor gene retained its function. Approxi- 
were screened sequentially with the 2.2 and 2.4 Bam- mately 1 mg of the plasmid was prepared, and the sup- 
HI/RI probe A described in Example n. If the 2.2 and pressor gene insert was obtained by BamHI digestion, 
2.4 kilobase BamHI/EcoRI end pieces of the cosmid followed by electrophoretic separation on 1.4% aga- 
insert are denoted as A and B, respectively, it can be rosef ^ electroelution. 
appreciated that ligation of the insert into monomeric io 

circles will yield EcoRI fragments containing both A EXAMPLE VI 

and B, whereas ligation into linear concatemers wiU Incorporation of Suppressor tRNA Into Monomeric 

yield end fragments which are 25% A ligated to A, 50% Circles 

A ligated to B, and 25% B ligated to B. Thus, assuming 

substantially complete end-to-end ligation, the EcoRI 15 This example describes the circularization of the cos- 
fragments which hybridize the 2.2 kilobase (A) probe mid Bl-6 insert (Example II), in the presence of the 
will consist of A-B fragments from monomeric circles suppressor tRNA gene fragment from Example V, to 
plus A-A, A-B and B-B fragments from linear con- form circularized monomers containing one or more 
catemers. Assuming that the B-B fragments represent suppressor tRNA gene fragments at the end-to-end 
one quarter of the fragments from linear concatemers, 20 circle junction sites. Bacterial host R coli strain CA274, 
the percentage of original DNA molecules which form which contains an amber-mutated lacZ gene and no 
monomeric circles in the ligation reaction is thus calcu- suppressor genes of its own, was obtained from the Yale 
lated by (1) counting the number of plaques hybridizing R Coli Strain Repository. A second bacterial host, R 
with the A probe, (2) counting those which hybridize coli strain LE392, a suppressor positive strain, was ob- 
with the B probe only, and (3) applying the following 23 tained from N. Sternberg. 

equation: A reaction mixture including the purified cosmid 

insert, at a concentration of 0.8 ug/ml, the suppressor 
# of A - 3 times # of J only tRNA at a molar concentration roughly 500 times that 

% circles ~ #Qf ^ + # of* only x 100 of the DNA insert, and T4 DNA ligase, at a concentra- 

30 tion of about 1.6 units per microliter was prepared in a 

The results of this analysis are shown in TABLE I standard ligase buffer. The mixture was incubated at 12° 
above. As seen, the percent monomeric circles increases c. for 12 hours. Following ligation, the DNA was etha- 
from about 15%, at a reaction concentration of about 30 nol precipitated, resuspended in a standard ligase buffer, 
ug/ml, to about 95% at 0.6 ug/ml. and digested to completion with EcoRI, releasing 

EXAMPLE V 35 EcoRI junction fragments containing the two 

Baml/EcoRI end segments from the cosmid insert The 

Preparation of-Suppressor tRNA Marker Segment BamRI fragments were ligated into lambda Chl6A 

This example describes the preparation of a suppres- under standard conditions, followed by in vitro packag- 
sor tRNA marker segment having BamHI ends. The ing, and plating on either bacterial host LE392 (the 
segment is adapted for incorporation into the end-to- 40 suppressor positive strain), or CA274. The phage DNA 
end junctions in circularized monomers of DNA pieces, from the plates was fixed on nitrocellulose filters and 
as illustrated in Example VI below. screened with the above-designated A (2.2 . kilobase 

Plasmid pRD69 containing the gene for an amber segment) and B (2.4 kilobase segment) probes sequen- 
suppressor tRNA was obtained on request from Dr. . tially. The proportion of junction fragments which 
Robert Dunn at MIT. This is a pBR322 plasmid con- 45 carried one or more suppressor genes in an A-B junc- 
taining a synthetic tRNA which has been widely ap- tion region was estimated by comparing the numbers of 
plied in the ttVX cloning system (reference 32). The plaques which hybridized both A and B probes in the 
suppressor tRNA gene in the construct terminates at two host strains, after correcting for the difference in 
BamRI sites, and was obtained as an EcoRI fragment plaque-forming efficiency of the two hosts, based on the 
purified by electrophoresis on agarose gel. The purified 50 number 0 f plaques appearing on each with a standard 
suppressor gene, which was 207 base pairs in length, amount of lambda charon 28 phage. The results showed 
was blunt-ended by treatment with R coli DNA poly- mat approximately 20% of the A-to-B ligated DNA 
merase, ^enow fragment, in the presence of all four ieces have acquired at least one suppressor tRNA 
deoxynucleotide triphosphates. BamHI linker having agae. 
the sequence GGGATCCC, were obtained from Bo- 55 s 

ehringer Mannheim. The linkers were ligated to the EXAMPLE VII 

faTto^^^^ Incorporation of Biotinoylated Polynucleotide In 

mg to the procure described in reference 43. The *~ Circularized Pieces 
addition of the BamHI linkers, which begin with a G 

base, destroyed the EcoRI sites in the suppressor gene. 60 This example describes a method for incorporating a 

The nucleotide sequence of the suppressor and attached biotin-labeled polynucleotide marker segment into the 

BamHI linkers was confirmed by ligating a copy of the junction region of circularized monomers of DNA 

suppressor gene into the BamHI site of bacteriophage pieces. A biotin-labeled polynucleotide segment is pre- 

M13mp8 and determining the nucleotide sequence of pared as described in refe rence 26. Briefly, there is 

the resulting phage by dideoxy sequencing (reference 65 synthesized an analog of dTTP containing the biotin 

44). molecule covalently linked to the C-5 position of the 

The suppressor gene was ligated into the BamHI site pyrimidine ring through an allyl-amine link. A bi- 

of pBR328 and the suppressor^ntaining plasmid was otinoylated gene segment is formed from a short length 
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10 



15 



of the filamentous bacteriophage M13, w hich has been 
copied in the presence of biotin-labeled dTTP, to form 
a biotin-labeled, double-stranded genome. Experimen- 
tally, M13 bacteriophage is copied by incubation with 
all four deoxynucleo tides plus biotin-labeled dTTP 
which was present at a molar ratio of about 1:4 with 
respect to each of the other deoxynucleo tides, in the 
presence of T4 DNA polymerase. After heat-inactivat- 
ing the polymerase, the double-stranded bacteriophage 
is treated with a selected restriction endonuclease, such 
as Haein, which contains only C and G bases in its 
recognition sequence, and which therefore can act nor- 
mally on double-stranded DNA containing biotin- 
labeled thymidine. The double-stranded material is di- 
gested to completion with the selected restriction endo- 
nuclease, under standard conditions, and small molecu- 
lar weight pieces (preferably less than about 300 base 
pairs) are isolated by gel electrophoresis using 1.4% 
agarose get The fragments obtained are digested to 
completion with EcoRI and made blunt-ended by reac- 20 
tion with EL coli polymerase, Klenow fragment, in the 
presence of four deoxynucleotides as described in Ex- 
ample V. The SamHI linkers of Example V are attached 
to the fragment ends under conditions like those de- 
scribed in Example V. Fragments having sizes less than 25 
about 100 bases are removed electrophoretically. The 
resulting fragments contain biotin-labeled, double- 
stranded DNA having BamHI sites at their opposite 
ends. ' - 

The biotin-labeled fragments are incorporated into 30 
the junction-region of the 45 Idlobase DNA fragments 
. from Example I under conditions substantially like 
: those described in Example VI. A reaction mixture 
containing about 0.6 ug/ml of the DNA insert pieces 



ter of junction probes prepared from heterogeneous- 
size genomic DNA fragments. Each probe in the cluster 
is selected to include one end segment which has a first 
segment which hybridizes to probe A, and a second 
segment derived from a single-copy region which in the 
genomic DNA, is located at one of a number of differ- 
ent spacings in the 40-1,000 kilobase range, from the 
probe A region. 

Genomic DNA is obtained from peripheral blood 
lymphocytes, according to Example I, and the DNA 
strands are partially digested with Sau3 A, under condi- 
tions which produce a significant portion of DNA frag- 
ments in the 40 to 1000 kilobase size range. The desired 
size distribution of partial digest fragments can be var- 
ied readily by controlling the length of the digestion 
reaction. The partial digest of genomic DNA is frac- 
tionated, preferably by ultracentrifugation on a 
10%-40% sucrose gradient according to methods de- 
scribed in Example I, and DNA fractions containing 
sizes of greater than about 40 kilobases, as determined 
by agarose gel electrophoresis, are separated from 
smaller DNA pieces and pooled. 

A circularization reaction mixture containing the 
large DNA pieces, at a concentration of about 0.15 
ug/ml, and an approximately 500-fold molar excess of 
the suppressor tRNA segment prepared as in Example 
V, is incubated in the presence of T4 DNA ligase (1.6 
units per microliter) at 12* C. for 24 hours, to produce 
monomelic circularization of a major portion of the 
DNA pieces. The reaction is terminated by chilling, and 
the DNA precipitated by ethanol. 

The circularized DNA is digested to completion with 
EcoRI, under standard conditions, to release EcoRI 



and an approximately 500-fold molar excess of the bio- 35 junction fragments, a portion of which will include one 



tin-labeled pieces are incubated in the presence of T4 
' ligase at about 12* C. for 12 hours, after which the 
circularized DNA pieces are isolated by ethanol precip- 
itation. The precipitated circularized monomers are 
resuspended in a suitable digest buffer and digested to ^ 
completion with EcoRI, also as described in above 
Example VI, to produce junction fragments containing 
;the A and B gene segment joined at a junction region by 
one or more short biotin-labeled segments. 

The biotin-labeled junction fragments are separated ^ 
from the other Ecol digest fragments by affinity chro- 
matography using antibody-sepharose, prepared by 
coupling anti-biotin antibody to cyanogen bromide- 
activated sepharose 4B, as described in reference 45. 
Columns containing the resin are equilibrated with a 
suitable buffer, such as 10 mM Tris HC1, pH 7.5 and the 
DNA samples are applied to the column in the same 
buffer, then washed with several volumes of the same 
buffer. These conditions are effective to bind substan- 
tially all of the biotin-labeled BamRI fragments to the 55 
column. The bound biotin-labeled fragments are eluted 
from the column with 6 M urea/lM NaCl. Alternatively 
biotin-labeled fragments could be bound by anubiotin 
antibody and purified over a column of Staphylococcus 
aureus protein A as described in references 26 and 29. 



EXAMPLE VIH 

Preparing a Heterogeneous-Size Ouster of Junction 
Probes 

The examples above are concerned with the con- 
struction of a junction probe derived from a cloned 45 
kilobase insert The present example, and following 
Examples DC and X, describe the preparation of a clus- 



or more of the suppressor tRNA markers incorporated 
into the junction site. The EcoRI fragments are ligated 
into lambda Chi 6 A, as described in Example VI, and 
the insert-containing lambda phage is packaged and 
plated on & coli strain CA274 also as described in Ex- 
ample VI. Plaque DNA is transferred to nitrocellulose 
filters, fixed on the filters, and then screened with the 
radiolabeled probe A. The regions of filters showing 
radioactivity correspond to plaques which are trans- 
fected with phage containing a junction fragment insert 
having a suppressor tRNA junction segment, and a 
single-copy segment complementary to probe A. 

Lambda phage DNA from each of the plaques identi- 
fied as a junction fragment capable of hybridizing to the 
probe A was. extracted, digested to completion with 
EcoRI, and analyzed by Southern blotting for the pres- 
ence of multiple-copy DNA segments in the junction 
probe. Southern blot analysis was performed according 
to standard procedures, with the fractionated EcoRI 
fragments being analyzed by radiolabeled probe A, to 
identify the junction probe insert, and followed by a 
second hybridization with nick-translated total genomic 
DNA from peripheral lymphocytes to identify those 
50 junction probes containing multiple-copy segments. 
Plaques containing multiple-copy segments in the junc- 
tion probe are either subjected to subcloning or dis- 
carded. The remaining plaques provide a cluster of 
junction probes, each containing a probe A segment 
65 and, attached thereto through one or more tRNA seg- 
ments, another single-copy segment which is separated 
from the probe A region by a variable spacing which 
may range between about 40 kilobases and up to 1000 





average size 


[DNA] 




(kilobase) 


(ug/ml) 


5 


500+ 


0.1 
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Jf obases °f greater depending on the largest sizes of TABLE II-continued 

the onginal partial-digest DNA pieces. u-uuiuuuki 

EXAMPLE DC 

Preparation of a Cluster of Junction Probes Having 
Selected Gene Segment Spacings-Method 1 

The present example illustrates a method for general- f J* ch °? five J""" 1 " *• screened for potion- 

tag a cluster of probes, each of which contains a first ^S^^SJTT^L % ^^^l^^ 

probe A segment and a second segment derived from a 10 ^^A/ r^!™ 8 ^ mc I ^ rans ^ ed 

gene region having a selected spacing, in the genome, 10 £ fi£L^tE?£ mt * oceUulose fflter 

from the probe-A region. Genomic DNA obtained from ^t^ t ^^Z ^^JZf?^^ Z 

peripheral lymphocytes, as in Example I, is partially ® ^ ^STT^ P ^' 8 "fr*"™ 1 *"* toUs * 

dSed, as^ Example VlU.lo^e la DNA^tecS 8 f a ° mK . ° NA . fragments 83 P robes - ^ 
f.r^' £*\ . V ' , , picv T :a plaques in each group now contain a plaque lambda 

™ ™ * m LV° ;Tu T 15 inseVt composed ofa first segment, commentary to 

range. The DNA pieces are frac donated by ultracentn- probe A , a suppressor tRNA segment, land a second 

fugabon on a sucrose gradient according to known angie^opy segment derived from a gene region whose 

methods, and 0.5 ml fraction obtained by dripping the spacing from ^ probe A reg ion in genomic DNA is 

gradients into sample tubes are each analyzed by elec- slightly less than the size of DNA piece from which the 

trophoresis on 0.2% agarose, according to standard 20 insert was derived, 
procedures (references 21 and 22). Samples identified as 

containing DNA fragments which are distributed sub- - EXAMPLE X 

stantially in the 50, 100, 200, 500 and 500+ kilobase size Preparation of a Ouster of Junction Probes Having a 

ranges, are selected. Selected Gene-Segment Spacing-Method 2 . 

Each of the five size-selected samples of DNA pieces 25 __. , , , 

is ligated in the presence of an approximately 500-fold . Tlu3 l ex f npl = describes a second method for prepar- 

molar excess of suppressor tRNA, under conditions ZV.^Z? JUnCti °? P £^J™, ved from sa , e ^ 
which lead to predominantly monomeric circle ligation. DNA P~. *? ^T^' P*"P heral ^ 

As indicated in Example iv'the concentration of DNA P^KT f P^V^Sf^, as m above 

pieces required to produce substantiaUy complete circu- 30 S^^Y™^™- d > geSt fragments pre- 

lar monomerization for DNA pieces to the 45 kilobase ^S^^^^X^SIS^ ™f 
size range is about 0.6 nucrograms/mL This concentra- E£ y ,S£? « ^^IT^I^t 

tion is selected for the ligation of the DNA pieces hav- , 10%_40% S5? e gradient, as described in Example I, 

. ~ c ~^ . ; to remove DNA pieces having average sizes less than 

ing average sizes of about 50 kilobases, as indicated in nh/ ,, lt at. vn„u- c J« ^r*- «r ™J^Ti 

TABLE H. The DNA concentrations of the four larger 35 digest ^ isdrWded into five equal-volume aliauots 
size aismouaons ot una pieces are reduced in propor- ^ . each le ^ diluted to concentration of about 
toonto the square root of t^ 0A5 m a Sllitable n Uon buffer ^ conta^g 

P^.^.^^f ™* * e aboveKiiscu^ed theory, T4 Hgase at a concentration of about 1.6 units per ul 
and as indicated in the right-hand column in TABLE IL ^ H tion reaction in each sample is carried out at 12° 
Each of the reactions is earned out in the presence of w c . initially, a 500 fold molar excess of the suppressor 
T4 hgase, at a concentration of 1.6 units per microliter tRNA segment from Example V is added to one of the 
at 14 C for 24 hours. After terminating the reaction by samples, which is then allowed to react at for an addi- 
cting, the circulamed DNA pieces from each of the tional 15-6O minutes, leading to the incorporation of 

5 If^T* ^« tra ^ j su f ccsslv ely ™th chloroform one or more suppressor tRNA segments into circular- 
andethanol and suspended in a suitable digest buffer. fced DNA pieces whose sizes are skewed toward the 

The ligated DNA fractions are digested to comple- smaller DNA pieces by virtue of the relatively more 
ton with EcoRI, producing, in each size group, a por- rapid circularization which occurs in the smaller pieces 
tion of junction fragments containing one or more sup- m the reaction mixture. After the first reaction period, 
pressor tRNA segments at the junction site. In each size ^ the sample containing the added suppressor tRNA is 
group, the complete-digest EcoRI fragments are ligated cooled to terminate the reaction, and the DNA is suc- 
wto lambda Chl6A phage, as described in Example VI, cessively extracted with chloroform and ethanol, as 
followed by in vitro packaging of the phage DNA and described above. Also after the first 15-60 minute reac- 
plating on the suppressor-deficient K coli strain CA274, tion period, a 500-fold molar excess of suppressor tRNA 
also in accordance with the method of Example VI. J5 is added to a second reaction mixture, and the circular- 
Those plaques which are identified by this method were ization reaction in the presence of the suppressor tRNA 
selected, forming, for each of the five size groups, a is allowed to continue an additional 30-120 minute time 
Ebrary of junction-probe inserts containing single-copy period, leading to the production of circularized mono- 
DNA segments which are separated, in the genomic mers, a portion of which contain one or more suppres- 
gene, by an average of either 50, 100, 200, 500 or 1,000 60 sor tRNA segments at their junction sites. The size 
or more kilobases. distribution of circles incorporating suppressor tRNA 
TABLE II segments) will be somewhat larger than that of the first 

"TZZZTHZ rr^xiAi reaction mixture since the smallest fragments will circu- 

avenge size [DNA] , . . ,» , . 

(Idiobaae) (ug/ml) lanze before the suppressor tRNA is added and larger 

50 0 6 65 ^S 01611 * 8 circularize in the second reaction period. 

ioo oU The reaction in the second mixture is terminated, after 

200 0I3 the 30-120 minute reaction period, as above, at which 

500 0.2 time a 500-fold molar excess of suppressor tRNA is 
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added to a third reaction mixture which is also allowed 
to react an additional 30-180 minutes, leading to incor- 
poration of the suppressor tRNA into circles having a 
still larger size distribution. Similarly, suppressor tRNA 
is added to the fourth and fifth reaction mixtures at 5 
progressively longer times after the initial ligation reac- 
tion is begun, after which the reaction mixture is incu- 
bated an additional 1-3 or 2-6 hours, respectively, at 12* 
C. 

The live DNA mixtures, which differ in the size dis- 10 
tribution of circularized monomers containing one or 
more suppressor tRNA's at the junction site, are di- 
gested to completion with EcoRI, and the total-digest 
fragments are Iigated into lambda Chi 6 A, which is then 
packaged and used to transfect suppressor-negative & \$ 
coli strain CA274, allowing selection for phage carrying 
a suppressor insert Plaques which are identified, by 
nitrocellulose filter hybridization, to hybridize with 
nick-translated probe A from Example H, and which do 
not contain a multiple-copy gene segment, as deter- 20 
mined by nitrocellulose filter hybridization with nick- 
translated total genomic DNA, are selected, forming 
for each of the different size-distribution classes, a li- 
brary of phage clones containing junction fragments 
composed of the probe A segment joined by one or 25 
more suppressor tRNA segments to a single-copy seg- 
ment of the gene. 

EXAMPLE XI 

Localization of the Probe a Gene Region ^0 

Peripheral blood lymphocytes are grown in a stan- 
dard cell culture (reference 46). Colchicine is added to 
the culture, to arrest the cells in metaphase, and the cells 
are treated to produce a cytoplasmic spread of the chro- 
mosomes, by standard procedures (reference 46). The 35 
chromosomal DNA is heat denatured, according to 
known procedures (reference 46). The plaques of phage 
lambda selected in Example VIII to contain junction 
fragment inserts composed of a single-copy gene region 
joined through one or more suppressor tRNA's to a 40 
gene segment which is complementary to probe A, are 
radiolabeled by nick translation. The radiolabeled 
phage DNA is added to the cytoplasmic chromosome 
spread and allowed to react with the denatured chro- 
mosomal DNA under hybridization conditions. The 45 
chromosomal material is spread on autoradiography 
film, dried, and the film is exposed for a period of 7 
days. The film label shows a concentration of radioac- 
tive label on a localized region of one of the chromo- 
somes only, thereby identifying this region as the site of 50 
the single-copy DNA segment corresponding to the 
probe A. 

From the foregoing, it can be appreciated how the 
present invention provides the several important ob- 
jects and advantages noted above. Where probes corre- 55 
spending to two gene regions are available, the method 
of the invention can be practiced to determine the dis- 
tance between and/or orientation of the two genomic 
gene regions. Where a single probe corresponding to a 
single-copy region of the gene is available, the invention 60 
provides a method for localizing the probe gene region 
by hybridization (Section VI) and for studying the iden- 
tity and positions of genes or gene families which lie 
within a distance of up to several thousand kilobases of 
the known gene region (Section VHI). 65 

The invention also provides a unique method for 
generating a family of probes derived from relatively 
evenly spaced single-copy gene regions along a geno- 



mic DNA, as a tool for identifying DNA, polymor- 
phisms associated with inheritable disease states, as part 
of a systematic study which can ultimately lead to the 
localization and identification of disease-producing 
genes. 

While preferred embodiments of the invention have 
been described, it will be appreciated that various 
changes and. modifications can be made without depart- 
ing from the spirit of the invention. 

What is claimed is: 

1* A method of forming a probe capable of binding by 
homologous base pairing independently to an upstream 
gene region which is present on a linear section of mam- 
malian genomic DNA and which binds by homologous 
base pairing to a selected probe, and to a downstream 
gene region which is also present on said section and is 
spaced from the upstream gene region by a distance of 
about 20-2,000 kilobases, said method comprising 
digesting the mammalian genomic DNA section by 
endonuclease treatment to produce genomic frag- 
ments, at least some of which have sizes consistent 
with section fragments containing said upstream 
and downstream regions at their opposite ends, 
ligating the genomic fragments under fragment con- 
centration conditions which favor circularization 
of single fragments into, circular DNA species with 
connected fragment ends, 
digesting the circular DNA species by endonuclease 
treatment to release digest fragments which are of 
a size which can be cloned, and which include 
fragments containing such connected fragment 
ends, 

cloning the digest fragments, and 

isolating cloned digest fragments which contain the 
connected fragment ends, and which are able to 
bind by homologous base pairing to the selected 
probe. 

2. The method of claim 1, for producing a probe 
capable of binding by homologous base pairing to such 
upstream and downstream gene regions, where such are 
separated by a selected distance between about 20 and 
2,000 kilobases, which further includes, prior to said 
ligating, size fractionating the genomic fragments and 
selecting for ligating, those fragments having sizes cor- 
responding to the selected distance between the two 
gene regions. 

3. The method of claim 1, for producing a second 
probe capable of binding independently to the down- 
stream gene region and to a third gene region present on 
the linear DNA section, which is spaced from and 
downstream fo the downstream gene region by a dis- 
tance between about 20 and 2,000 kilobases, which 
further includes isolating cloned digest fragments 
which contain the connected fragment ends, and which 
are able to bind by homologous base pairing to the 
probe isolated by the first isolating step, but not to such 
selected probe. 

4. The method of claim 1, for producing a cluster of 
probes, all of which are capable of binding indepen- 
dently by homologous base pairing to such upstream 
gene region, and each of which is capable of binding by 
homologous base pairing to one of a series of such 
downstream regions which are separated from the up- 
stream gene region by different distances between about 
20 and 2,000 kilobases, wherein said digesting is carried 
out under conditions which produce fragments having 
heterogeneous sizes greater than about 20 kilobases. 
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5. The method of claim 4, for use in localizing such 
upstream gene region on the linear DNA strand, which 
further includes labeling the cluster of probes with a 
reporter, hybridizing the cluster of labelled probes with 
the linear DNA strand, and identifying the region of 
DNA section having bound reporter. 

6. The method of claim 1, which further cleaving the 
isolated digest fragments which contain the connected 
fragment ends, and which are able to bind by homolo- 
gous base pairing to the selected probe, to release digest 
fragment portions which are able to bind by homolo- 
gous base pairing to the downstream, but not the up* 
stream gene region of the DNA section. 

7. The method of claim 1, wherein said ligating is 
performed within a concentration range of genomic 
fragments which is substantially inversely proportional 
to the square root of the sizes of the fragment where the 
ligating is performed in a concentration range of be- 
tween about 0.5 to 1.0 micrograms fragment DNA per 
ml for fragments in the approximately 50 kilobase size 2 q 
range. 

8. The method of claim 1, which further includes, 
prior to said ligating, attaching to the DNA genomic 
fragments, a selectable marker by which a released 
digest fragment containing such marker can be selected 
in a cloning system. 

9. The method of claim 8, wherein the marker in- 
cludes a suppressor tRNA gene, for selection in a clon- 
ing system which includes a phage vector carrying such 
fragment, and a bacterial vector host which is suppres- 
sor-tRNA negative. 

10. The method of claim 1, which further includes, 
prior to said ligating, attaching to the DNA genomic 
fragments, a ligand marker segment by which a released 
monomer fragment containing the marker segment can 
be isolated by binding to an anti-ligand, prior to said 
cloning. 

11. The method of claim 1, wherein the ligand marker 
is a biotinylated DNA segment, and the anti-ligand is 
avidin or anti-biotin antibody. 

12. A probe comprising 
a first DNA segment (1) derived from the upstream 

end region of a linear fragment of mammalian ge- 
nomic DNA having upstream and downstream end 
regions which are spaced from one another by 
between about 20-2,000 kilobase and (2) which is 45 
effective to bind by homologous base pairing to 
said upstream end region in genomic DNA, and 

a second DNA segment (1) derived from the down- 
stream end region of said DNA fragment and con- 
nected adjacent its downstream end, as defined by 
the upstream-to-downstream orientation in the 
DNA fragment, to the upstream end of the first 
segment, and (2) which is effective to bind by ho- 
mologous base pairing to said / downstream and 
region in genomic DNA, 

where the total length of the probe is substantially 
less than that of said DNA fragment, and of a size 
which can be cloned. 

13. The probe of claim 1, wherein the first and second 
segments are joined through an intermediate segment 60 
which is not derived from said DNA fragment. 

14. The probe of claim 13, wherein the intermediate 
segment is a selectable marker segment which allows 
probe selection in a cloning system. 

15. The probe of claim 14, wherein the selectable 
marker segment is a suppressor tRNA which allows for 
selection of a phage vector containing the probe in a 
suppressor (— ) host 
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16. The probe of claim 13, wherein the intermediate 
segment is a ligand adapted to bind specifically and with 
high affinity to an anti-ligand. 

17. The probe of claim 16, wherein the ligand is bio- 
tin, and the anti-ligand is avidin or anti-biotin antibody. 

18. The probe of claim 12, for use in binding to up- 
stream and downstream gene regions which are spaced 
a seelcted distance from one another in the DNA sec- 
tion, wherein the DNA fragment from which said first 
and second segments are derived has a length substan- 
tially equal to such selected distance. 

19. The probe of claim 12, wherein the upstream and 
downstream gene regions in the DNA fragment are 
each single-copy regions. 

20. The probe of claim 12, wherein said first and 
second segments are connected by direct ligation to one 
another. 

21. A cluster of probes each comprising 

a first DNA segment (1) derived from the upstream 
end region of one in a group of fragments of mam- 
malian genomic DNA, where each fragment in the 
group has upstream and downstream end regions 
which are spaced from one another by between 
about 20-2,00 kilobases, and where the fragments 
in the group have the same upstream end region 
and different downstream end regions, and (2) 
which is effective to bind by homologous base 
pairing to said one fragment's upstream end region 
in genomic DNA, and 

a second DNA segment (1) derived from the down- 
stream end region of said one DNA fragment and 
connected adjacent its downstream end, as defined 
by the upstream-to-downstream orientation in the 
DNA fragment, to the upstream end of the first 
segment, and (2) which is effective to bind by ho- 
mologous base pairing to said one fragment's 
downstream end region in genomic DNA, 

where the total length of the probe is substantially 
less than that of said one DNA fragment, and of a 
1 size which can be cloned. 

22. The cluster of claim 21, wherein the second seg- 
ment in each probe is derived from a single-copy gene 
of said DNA fragment. 

23. A cluster of probes each comprising 

a first DNA segment (1) derived from the upstream 
end region of one in a group of fragments of mam- 
malian genomic DNA, where each fragment in the 
group has upstream and downstream end regions 
which are spaced from one another by between 
about 20-2,000 kilobases, and where the down- 
stream end region of one fragment in the group is 
essentially the same as the upstream end region of 
another fragment in the group, and (2) which is 
effective to bind by homologous base pairing to 
said one fragment's upstream end region in geno- 
mic DNA, and 

a second DNA segment (1) derived from the down- 
stream end region of said one DNA fragment and 
connected adjacent its downstream end, as defined 
by the upstream-to-downstream orientation in the 
DNA fragment, to the upstream end of the first 
segment, and (2) which is effective to bind by ho- 
mologous base pairing to said one fragment's 
downstream end region in genomic DNA, 

where the total length of the probe is substantially 
less than that of said one DNA fragment, and of a 
size which can be cloned. 

24. The cluster of claim 23, wherein the first and 
second segments in each probe are joined through an 
intermediate segment which is not derived from the 
DNA fragment 
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ABSTRACT Plasmid clones containing up to 94 kilobases 
of single-copy DNA from band q22.3 of chromosome 21 and a 
complete pool of insert DNA from a chromosome 21 recombi- 
nant library have been used to rapidly detect numerical and 
structural aberrations of chromosome 21 by in situ hybridiza- 
tion in both metaphase and interphase cells. A trisomic 
karyotype, diagnostic of Down syndrome, is readily detected in 
nonmitotic cells because the majority of their nuclei exhibit 
three discrete foci of hybridization, in contrast to normal 
diploid cells, which show two foci. Chromosomal translocations 
involving chromosome 21 sequences were also detected with 
these probes, and the intranuclear location of 21q22.3 DNA 
sequences in "normal" human brain neurons was established 
with the plasmid DNA probe set. These results suggest that 
chromosome 21-specific probes may have utility in clinical 
diagnostics, especially by facilitating the direct analysis of 
interphase cells. 

The smallest human autosome, chromosome 21, has been 
highly relevant to clinical cytogeneticists because trisomy 21 
is the primary cause of Down syndrome (1). The recent 
mapping of the locus for familial Alzheimer disease (2) and 
the gene for the amyloid )3 protein (3, 4) to 21qll.2-»21q21 
has focused additional attention on chromosome 21. Inter- 
estingly, Down syndrome patients and familial Alzheimer 
patients both develop clinical dementias and have similar 
brain pathology with plaques rich in the amyloid 0 protein (5, 
6) Cytogenetic studies have indicated that only trisomy of 
subregion 21q22->21qter is required to elicit the Down 
syndrome phenotype. There is, however, some disagreement 
as to which part of this subregion is responsible for the 
complex pathological effects (reviewed in ref. 7). 

The majority of Down syndrome patients («95%) show 
three chromosomes 21, and in about 5% of the cases, the 
trisomy is caused by a Robertsonian translocation (8). Both 
forms of trisomy are routinely diagnosed by conventional 
banding techniques Additionally, a small portion (<<1%) of 
Down syndrome is caused by reciprocal translocation (8). 
This is difficult to diagnose because the translocated terminal 
segment of chromosome 21 can be very small, and it is 
detectable only by high-resolution banding. Another diag- 
nostic complication is the occurrence of trisomy 21 mosai- 
cism. It has been reported that the incidence of chromosome 
21 mosaicism is between 1% and 2%, although the actual 
frequency may be higher (8). , . 

Recent studies (9-15) have shown that the DNA of each 
chromosome occupies a discrete focal territory within an 
interphase nucleus. These observations indicate that chro- 
mosomal aberrations can be detected directly in nonmitotic 

The publication costs of this article were defrayed in part by page charge 
payment. This article must therefore be hereby marked "advertisement* 
in accordance with 18 U.S.C. §1734 solely to indicate this fact. 



cells by in situ hybridization using chromosome-specific 
probes. Indeed, a successfuWiagnosis of trisomy 18 has been f 
reported by using amniotic fluid cells hybridized with a 
repetitive sequence probe that, under high stringency con- 
ditions, is specific for the centromeric region of chromosome 
18 (16). A similar diagnosis of trisomy 21 also has been 
reported (17) with probe DNA that was derived from flow- 
sorted chromosome 21 but was not further defined. 

DNA probe sets that specifically label the terminal band 
21q22.3 or decorate the entire chromosome 21 are reported 
here, and the application of these probes to the detection of 
numerical and structural aberrations of chromosome 21 m 
both metaphase and interphase cells is described- 

MATERIALS AND METHODS 

DNA Probes. All plasmids contain inserts of human chro- 
mosome 21 that were mapped to 21q22.3 (18-22). All inserts 
were either known (20, 23-25) or verified by Southern blot 
analysis to be single-copy DNA; the plasmids other than pS2 
are subclones derived from a A phage library (24) or a cosmid 
library (25). The plasmids are listed in Table 1 with the 
Human Gene Mapping Workshop symbols (26) and the 
approximate insert fragment length. ^, VT cno 
The human chromosome 21 genomic library LL21N2>uz 
was obtained from the American Type Culture Collection and 
amplified on agar plates as recommended. Phage DNA was 
prepared and digested with Jfuidlll, and the DNA inserts 
were separated from the vector arms by preparative ge 
electrophoresis in 0.6% agarose. DNA was isolated from gel 
slices by electroelution; purified by Elutip-d chromatography 
(Schleicher & Schuell); extracted with phenol/chloroform, 1: 
1 (vol/ vol); and precipitated with ethanol (14). 

Human Cells. Metaphase spreads and interphase nuclei 
were prepared from (i) lymphocyte cultures of normal (46, 
XY) individuals, (//) lymphocytes of Down syndrome 
(47,+21) individuals, (iff) chorionic villi samples cultured for 
prenatal diagnosis (fl and Hi were provided by T. Yang-Feng, 
Yale University Cytogenetics Laboratory), and (iv) cultures 
of TC620, an oiigodendroglioma-derived pseudotriploid cell 
line (28). Standard techniques of colcemid treatment, hypo- 
tonic treatment, and methanol/acetic acid fixation were 
used Biopsy material from the cortical region of a "normzd 
human brain (46, XX) was fixed, sectioned, and permeabi- 
lized as described (29). . . 

In Situ Hybridization. Various combinations of plasmid 
DNA, labeled with biotin-ll-dUTP by nick-translation (30), 
were used for hybridization at concentrations ranging from 2 
to 15 ixg/ml depending on the poql size. For example, 15 
ug/ml was used when the probe mixture contained 94 
kilobases (kb) of insert DNA; the probe concentration was 

Abbreviations: CISS, chromosomal in situ suppression; CV, chori- 
onic villi; DAP1, 4\6-diamidinc-2-phenylindole. 
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F,o. 1. Specific labe.ing of human chromosome 21 by ^^^^t^S 
insert) hybridized to a normal lymphocyte metaphase r ipread. Signals *™ J^ 1 * ° n M 0 ™ numa n lymphocyte metaphase (fi) and nuclei 
, DAPI .-stained chromosomes in lnsc,\ as verified by DAPI banding nor hown). (B and C) Norm ^ Wocyt p ^ 

(O after hybridization with the 94-kb plasm.d pool probe set. The le rminal band 21q2 ~- 3 " s ^ c 'J^^ e 21 ibrary DNA inserts with the 
2H47..21, lymphocyte metaphase spreads atter h^ 
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t Table 1. Plasmids with inserts fro^B*omosome 21 







Insert 






Insert 


Gene 




length. 


Gene 




length, 


3Jr III WXJl 




kb 


A J II IUUI 


Plasm id 


kb 


BCEI 


pS2 (23) 


0.6 


D2IS56 


pPW520-10R 


• 4,6*t 


D21S3 


pPW231F 


0.8*t 




pPW520-HR 


1.8*t 




pPW231G 


0.7*t 


D2IS57 


pPW523-10B 


6.5* 


D2IS23 


pPW244D 


1.0 




pPW523-lH 


7.0* 


D21S53 


pPW512-6B 


3.0* 




pPW523-5R 


2.2*t 




pPW512-8B 


3.8 




pPW523-10R 


3.8*t 




pPW512-lH 


2.9*t 




pPW523-19R 


2.5* 




pPW512-16P 


2.7* 


D2IS64 


pPW551-8P 


1.9* 




pPW512-l8P 


1.6* 




pPW551-12P 


4.2* 




pPW512-4R 


4.7 


D21S7I 


pPW519-10P 


0.8 




pPW512-12R 


2.0* 




pPW519-llP 


3.0 


D21S55 


pPW518-4H 


1.6* 




pPW519-lR 


6.0* 




pPW518-10P 


2.9* 




pPW519-8R 


2.9*t 




pPW518-5R 


5.2*t 




pPW519-9R 


1.7* 


D2IS56 


pPW520-5B 


5.0 




pPW519-14R 


4.0*t 




pPW520-6B 


1.0* 




pPW519-22R 


1.8* 



Preparation of plasmid DNA was according to standard protocols 
(27). Various probe sets were obtained by pooling plasmids (equal 
molar amounts), resulting in DNA probe complexities of 94 kb (all 
plasmids listed), 75 kb (plasmids labeled with an asterisk), or 29 kb 
(plasmids labeled with a dagger). 

decreased in proportion to the sequence complexity of the 
probe mixture. The size of the probe DNA was adjusted to a 
length of 150-250 nucleotides empirically by varying the 
DNase concentration in the nick-translation reaction. The 
hybridization cocktail also contained 50% formamide, 0.30 M 
NaCI, 0.03 M sodium citrate (pH 7), 10% (wt/vol) dextran 
sulfate, and on occasion 0.5 mg of sonicated salmon sperm 
DNA per ml. Simultaneous denaturation of probe and target 
DNA was carried out at 75°C for 6 min (metaphase spreads) 
or 94°C for 11 min (tissue slices). Hybridization reactions 
were incubated at 37°C overnight. 

Delineation of individual chromosomes with DNA probes 
derived from sorted human chromosomes was done by a 
method termed chromosomal in situ suppression (CISS) 
hybridization as described (14). Briefly, biotinylated chro- 
mosome 21 library DNA inserts (5 iig/m\), DNase-digested 
human genomic DNA (200 Mg/ml), and salmon sperm DNA 
(800 /Ltg/ml) were combined in the hybridization solution, 
heat-denatured, and partially prehybridized for 10-30 min ai 
37°C before application to a separately denatured specimen. 

Posthybridization washes, detection of hybridized probe 
by using either alkaline phosphate-conjugated avidin or fluo- 
rescein isothiocyanate-conjugated avidin, and photographic 
conditions were as described (14). When probe sets contain- 
ing 29 kb or less of target sequence were used, the fluoresceir 
isothiocyanate detection was generally enhanced by om 
cycle of signal amplification (31). 

All quantitative analyses of interphase signals were carried 
out by using slides from several independent experiments, 
with more than 100 nuclei being analyzed per slide. Compar- 
ison of signals in normal and trisomic samples was done in a 
blind-study fashion. 

RESULTS 

Various combinations of cloned DNA fragments from human 
chromosome 21, previously localized to the 21q22.3 band, 
were tested for their ability to specifically label the cognate 
chromosomal region in lymphocyte metaphase spreads and 
interphase nuclei after in situ hybridization. The maximal 
amount of unique-sequence DNA in the probe set was ^94 
kb; this probe set resulted in a clearly visible labeling of the 
terminal region of both chromatids of the chromosome 21 



homologs (see ^JlB). These signals were seen unambig- 
uously and without exception in all metaphase spreads, even 
in spreads of poor quality or from prophase cells (not shown). 
In normal interphase cells, the majority (65-75%) of nuclei 
exhibited two signals (see Fig. 1C), 25-30% showed one 
signal, and less than 5% showed no signal (for discussion of 
signal distribution in interphase nuclei, see refs. 13-15). 
Nuclei with three signals were found only rarely (<0.2%) and 
may reflect incomplete hybridization to a few tetraploid cells 
in the sample. Similar results were obtained with probe sets 
containing 29 or 75 kb of DNA. With probe sets containing 
fewer than 20 kb of insert DNA, there were increased 
numbers of cells with less than two signals. Thus, these probe 
sets were deemed unsuitable for diagnostic purposes. How- 
ever, such probes still yielded specific signals on the majority 
of chromosomes 21, even with a 6-kb single-copy DNA (see 
Fig. LA), especially when signal amplification was used. 

The usefulness of chromosome library DN A CISS hybrid- 
ization (14) for detecting chromosome 21 was also evaluated. 
Chromosome 21 was specifically and entirely decorated in 
normal lymphocyte metaphase spreads, although some ad- 
ditional minor binding sites were seen at or near the centro- 
meric region of other acrocentric chromosomes, especially 
chromosome 13 (normal karyotype not shown; see Fig. 1£). 
Suppression with additional DNA including the plasmid 
LI. 26, which detects a repetitive DNA located predomi- 
nantly at the centromeric region of chromosomes 13 and 21 
(32), did not efficiently suppress the minor non-21 chromo- 
somal signals. Quantitative evaluation of interphase nuclei 
signals again showed a negligible portion of nuclei with three 
signals; however, a significant increase in nuclei with less 
than two signals was observed (50-60% with two signals, 35- 
45% with one signal, and 5-10% without a signal). The 
numerical differences observed with the two different probes 
can be explained in part by the number of nuclei (up to one 
of three) that were excluded from the latter analysis because 
they exhibited larger and more diffuse signals, most likely 
from more than one chromosome that could not be resolved 
unambiguously as two separate chromosome domains in a 
two-dimensional representation. The minor cross-hybrid- 
izing sites noted above presented a second experimental 
complication but did not adversely influence data interpre- 
tation. 

J pool as well as CISS hybrid- 
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21q22.3 and excluding Down syndrome as a possible diag- 
nosis. A small increase of nuclei with three and four signals 
(both <5%) over that of normal lymphocytes was also 
observed, probably reflecting a higher portion of tetraploid 
cells in such CV samples. 

The diagnostic potential of the chromosome 21 probes was 
further tested by using a glioma tumor cell line, TC620, 
known to be pseudotriploid with a highly rearranged genome 
(13, 15, 28). The metaphase spreads revealed two apparently 
normal chromosomes 21 and one translocation chromosome 
(see Fig. 1 N and 0). Interestingly, the chromosome 21 DNA 
on the translocation chromosome labeled by the library probe 
has a size equivalent to a normal 21q region, thus suggesting 
a Robertsonian translocation event. However, fine structural 
aberrations of 21q (i.e., small deletions etc.) cannot be 
excluded by this analysis. The interphase signals seen with 
both the plasmid probe set and the library inserts were 
consistent with trisomy 21q22.3 and trisomy 21, respectively. 

Finally, we determined if the 94-kb plasmid probe set could 
be used to localize chromosome 21 DNA sequences in solid 
tissues. Fig. 2 shows the nucleus of a cortical neuron from 
"normal" human brain tissue after in situ hybridization. Both 
chromosomes 21 are clearly labeled by the probe, and they 
are located near the nucleolus; this nuclear location is con- 
sistent with the fact that chromosome 21 contains a ribosomal 
gene cluster that is usually localized in the nucleolus. This 
observation suggests that these probes may also prove useful 
for evaluating the frequency of chromosome 21 mosaicism in 
specific cell or tissue types. In addition, it should be of 
interest to see if the various karyotypic changes associated 
with the Down syndrome phenotype alter the normal nuclear 
topography of chromosome 21 in neuronal tissue. 

DISCUSSION 

We have demonstrated a method to rapidly detect numerical 
and structural aberrations of chromosome 21 in metaphase 
arid in interphase cells. A trisomic karyotype can be diag- 
nosed easily in interphase cells because the majority of the 
nuclei (55-65%) exhibit three distinct foci of hybridization. In 
contrast, less than 0.2% of nuclei in lymphocytes with a 
disomic karyotype show three nuclear signals; interestingly, 
the percentage of such nuclei in normal CV cells was higher 
but still considerably less than 5%. In general, as few as 20- 
30 cells were sufficient to unambiguously distinguish between 
disomic and trisomic cell populations. However, in view of 
the uncertainty of the level of chromosome 21 mosaicism in 
clinical samples, the number of cells required to make an 
unambiguous diagnosis will likely be higher. Additional 
clinical correlations will be required to establish the absolute 
number. Nevertheless, this analytical approach could allow 
the diagnosis of Down syndrome without the need to culture 
cells or to obtain metaphase spreads. 

Pools of plasmid DNA from 21q22.3 and a "complete" set 
•of DNA inserts from a chromosome 21 library were com- 
pared as probes. In general, the plasmid probe set was 
superior for interphase diagnosis because smaller and more 
focal areas were labeled with improved spatial resolution. 
This probe set, which labels 21q distal to the centromere, also 
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Fig. 2. Visualization of 21q22.3 in a nucleus of a large neuron in 
human parietal lobe tissue. The biotinylated plasmid pool probe set 
(94 kb) was detected by the purple-colored precipitate generated by 
alkaline phosphatase (conjugated to avidin). The arrows indicate the 
two signals; "n" indicates the center of the nucleolus. 

has the particular advantage of relative insensitivity to 
interindividual pericentromeric heteromorphisms. Further- 
more, unlike the library DNA inserts, there were no minor 
nonspecific hybridization signals. Eventually, removal of the 
cross-hybridizing sequences from the library DNA [e.g., as 
by subtractive hybridization (33)] could make chromosomal 
decoration from pter to qter more attractive for diagnostic 
purposes. It should also be noted that the 94-kb plasmid 
probe exhibited several types of hybridization patterns in 
interphase cells, each exhibiting subtle differences in struc- 
tural detail (see Fig. 1 C and H-K). For example, in many 
Gi-phase cells, each nuclear domain can be resolved as a 
doublet of closely juxtaposed signals. The variability in the 
nuclear signal patterns may reflect dynamic changes in this 
segment of euchromatic DNA that occur at different stages of 
the cell cycle or during transcriptional activation. 

Although we have used here selected plasmid clones 
containing only unique human DNA sequences, cosmid 
clones containing repetitive sequences can also be used to 
specifically label their cognate genomic region in metaphase 
and interphase cells by applying hybridization protocols like 
CISS hybridization that suppress the signal contribution of 
repetitive sequence elements (14, 34, 35). Therefore, single or 
nested sets of cosmids could be used as diagnostic tools for 
other genetic diseases in a fashion similar to that reported 
here. Trisomy of chromosomes 13, 18, 21, X, and Y together 
account for the vast majority of numerical and/or structural 
chromosome abnormalities identified during prenatal karyo- 
typing. With the continued development of multiple noniso- 
topic probe labeling and detection systems (13, 15), it should 
be possible to visualize three or more chromosomes simul- 
taneously following in situ hybridization. Thus, the develop- 
ment of a rapid and automated screening test to detect the 
major trisomic disorders directly in interphase cells from 
amniotic fluid or chorionic villi cells is a viable future 
objective. The analysis of specific human chromosomes by in 
situ hybridization has already been used to complement 
conventional cytogenetic studies of highly aneuploid tumor 



the 94-kb probe set {H-J\ compare with D). {K-M) Nuclei (K) and metaphase spread (M) of chorionic villi cells containing a translocation 
chromosome but showing a balanced karyotype with regard to 21q22.3, and DAPI-counterstained metaphase (L) indicating (lower arrow) the 
terminal region of 21q, which is translocated to a B-group chromosome independently identified as chromosome 4 by banding analysis (T. 
Yang-Feng, Yale University, personal communication). (/Vand O) Chromosome 21 delineated in a metaphase spread of the oligodendroglioma- 
denved cell line TC620 by using the library inserts probe (O) and DAPI staining (AO. TC620 exhibits two chromosomes 21 and one translocation 
chromosome (see TV, left arrow) whose short arm contains an apparently complete 21q, suggesting a Robertsonian translocation event. Arrows 
indicate either hybridization signals or the corresponding DAPI-stained chromosome. Detection of the hybridized probes was with fluorescein 
isothiocyanate-conjugated avidin [the signal of the 6-kb probe {A) was amplified (31)]. Similar results were obtained when the detection was 
mediated by alkaline phosphatase-conjugated avidin (not shown). 
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lines (15), and the extension to prenata 
tions seems warranted. 

The analysis of karyotypes with translocations of chromo- 
some 21 shows the usefulness of a regional probe set to 
rapidly identify and characterize even small translocations by 
unambiguous signals on metaphase chromosomes, thus cir- 
cumventing an extensive analysis by high-resolution band- 
ing. In contrast, the library insert probe is more suitable for 
defining the relative amount of chromosome 21 DN A that has 
been translocated. By analyzing interphase nuclei, one can 
also determine if a balanced or unbalanced number of 
chromosomal regions exists. However, the detection of a 
translocated chromosome directly in nuclei would require 
double-labeling techniques to identify the recipient chromo- 
some to which the chromosome 21 material was translocated. 
With prior knowledge of the chromosomes in question, such 
translocation events could be assessed by measuring the 
juxtaposition of the nuclear signals (9). 

Finally, we have shown that probes containing 6 kb of 
sequence can be localized in both metaphase spreads and 
interphase cells with high efficiency. This detection sensitiv- 
ity with nonisotopic reagents is similar to that achieved in 
other recent reports (36-38). The combination of nonisotopic 
in situ hybridization with DAPI or BrdUrd banding or total 
chromosome decoration with library DNA probes thus pro- 
vides a simple and general approach for gene mapping. It also 
should facilitate the use of small DNA probes to rapidly 
pinpoint the breakpoints on translocation chromosomes, 
which could further aid in defining the genomic segment 
critical for Down syndrome. 
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ABSTRACT A translocation between chromosomes 3 and 
8, t(3;8)(pl4.2;q24.13), has been reported in a family with 
hereditary renal cell carcinoma. Using somatic cell hybrids, we 
have isolated, separately, both derivative chromosomes. We 
find that the c-myc oncogene (8q24.1) has been translocated to 
the derivative 3 [der(3)]. We have not detected a rearrangement 
within an -21-kilobase region around the c-myc gene using 
restriction enzyme digestion and Southern blot hybridization 
analysis. The translocated c-myc gene should provide a probe 
to the chromosome 3pl4 region, which appears to be important 
not only in renal cell carcinoma but also in small cell carcinoma 
of the lung. These hybrids have also been useful for the regional 
mapping of the Chinese hamster ovary cell Gly"B defect to 
8q22. l-»q24. 13 and support the regional assignment of acylase 
I to 3p21. 

Renal cell carcinoma is the most common malignant disease 
arising from the kidney (1). Although potentially curable 
when detected early, more frequently this disease is detected 
late and responds poorly to treatment. In 1979, a unique 
opportunity became available to investigate the genetic 
abnormalities that might be involved in renal cell carcinoma. 
A family with hereditary renal cell carcinoma was reported in 
which a germ-line reciprocal chromosome translocation, 
between nos. 3 and 8, was associated with an 87% cumulative 
probability of developing this disease by age 59 in those 
family members who inherited the translocation (2). In this 
translocation, the region of chromosome 8 specified as 
8q24.13-»8qter has been translocated to chromosome 3 at 
band 3pl4.2, resulting in a derivative 3 [der(3)] chromosome, 
whereas the 3pl4.2-»3pter region of chromosome 3 has been 
translocated to chromosome 8 at band 8q24.13, resulting in a 
der(8) chromosome (2, 3). The high association of the 
chromosomal rearrangement with renal cell carcinoma in this 
family strongly implicates an alteration in expression of one 
or more genes on chromosome 3 or 8 with this disease. Pathak 
et al. (4) have described another familial occurrence of renal 
cell carcinoma over three generations, in which a 3;11 
translocation was limited to the tumor tissue. Again, the 
breakpoint on chromosome 3 was at 3pl3 or 14. Furthermore, 
abnormalities of the 3p region appear to be frequent in renal 
cell carcinomas from unrelated patients. The chromosome 
3pl4 region is also of interest because small cell carcinoma of 
the lung has been characteristically associated with a deletion 
of the 3pl4~* 3p23 region (5). An inducible chromosome • 
fragile site at 3pl4 has been described (6, 7), and there is 
accumulating evidence that an association exists among 
fragile sites, the locations of certain oncogenes, and specific 
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chromosome rearrangements in various malignant diseases 
(8, 9). 

The chromosome 8 breakpoint occurs cytogenetically 
where the c-myc oncogene is located (10). Deregulation of 
c-fwyc expression as a result of the translocations involving 
this oncogene is a frequent, if not consistent, finding in 
Burkitt lymphoma (11, 12). Therefore, the 3;8 translocation 
associated with renal cell carcinoma appears to involve two 
chromosome regions highly implicated in the development of 
several malignant diseases. 

We have isolated both derivative chromosomes from cells 
from family members carrying this 3;8 translocation in 
separate somatic cell hybrids that do not contain the normal 
chromosome 3 or 8 by cytogenetic, biochemical , or molecular 
analysis. We find that the c-myc oncogene (8q24.1), normally 
located at the cytogenetic region where the break occurs, has 
been translocated to the der(3). ' 

MATERIAL AND METHODS 

Chinese Hamster Ovary (CHO) Cell Mutants. The CHO cell 
mutant Gly B is defective in glycine metabolism (13), which 
is complemented by a gene on chromosome 8 (14)— specif- 
ically, the region 8q22— qter (15). The^ Urd"C cell mutant 
requires exogenous uridine for growth, which is due to the 
lack of orotate phosphoribosyltransferase and orotidylate 
decarboxylase activities (16). The gene coding for these 
enzymatic activities^ has been assigned to the long arm of 
chromosome 3. Gly B ceils were grown in F12 medium (17) 
containing 6% (vol/vol) fetal calf serum, and Urd-C was 
grown in the same medium with the addition of 30 uM 
uridine. 

Cell Fusion. Cell fusions were done by using UV-inactiva- 
ted Sendai virus as described (18). The Gly"B hybrids were 
constructed from the t(3;8)-containing fibroblast line 2843T. 
The Urd"C hybrids were constructed from a t(3 ^-contain- 
ing lymphoblastoid line, TL9542, kindly provided by Tom 
Glover. Hybrids were selected by growth in the appropriate 
deficient medium. 

Production of Segregants That Have Lost the der(8). Segre- 
gants were produced by using the BrdUrd and visible light 
method as described by Puck and Kao (19). Briefly, after 
growth m complete medium to facilitate loss of the der(8), the 
cells were starved in deficient medium for 24 hr. BrdUrd, at 
0.01 mM was added for 24 hr, followed by exposure of the 
cells to visible light. Those cells that had lost the der(8) ' 
ceased DNA synthesis and did not incorporate BrdUrd in 
deficient medium, thereby surviving the exposure to visible 
light. 

Cytogenetic Analysis. Sequential Giemsa/trypsin banding 
and Giemsa-11 (G-ll) staining have been described (20, 21). 

Abbreviation: CHO, Chinese hamster ovary. 
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With G-ll staining, human chronrosomes appear blue, 
whereas the CHO chromosomes appear magenta. 

Isozyme Analysis. Isozyme analysis was performed by 
using Cellogel electrophoresis according to procedures de- 
scribed by Meera Khan (22) and van Someren et aL (23). The 
acylase I isozyme analysis was performed by using the 
method of Voss et aL (24). 

Molecular Probes. The molecular probes used were kindly 
provided by the following investigators: c-mos, George 
Vande Woude; c-myc (Rye 7.4), Carlo Croce; c-raf 3' 
flanking sequences, Tom Bonner; and UMP synthase, D. 
Parker Suttle. 

DNA Isolation, Gel Electrophoresis, Southern Transfer, and 
Hybridization. High molecular weight DNA was prepared as 
described by Gusella et aL (25). DNA was digested with the 
indicated restriction endonuclease under conditions recom- 
mended by the manufacturer. Digested DNA was subjected 
to electrophoresis in a horizontal 0.75% agarose gel in a 
standard Jris/acetate buffer. Transfer of DNA to nitrocel- 
lulose paper was performed by using the method of Southern 
(26). tfmdIII-digested phage X DNA was used for molecular 
weight markers. The nitrocellulose-bound DNA was then 
hybridized in a solution containing 50% formamide (vol/vol) 
and 0.75 M sodium chloride/75 mM sodium citrate, pH 7.0, 
at 42°C for 15-18 hr to the indicated 32 P-labeled probes that 
had been nick-translated to a specific activity of -10 8 
cpm/jAg of DNA. The filters were washed with 0.3 M sodium 
chloride/30 mM sodium citrate, 0.1% (vol/vol) NaDodSO* at 
room temperature and followed by washing in 15 mM sodium 
chloride/1.5 mM sodium citrate at 55°C. Filters were air- 
dried and used to expose Kodak XAR-5 film for various 
periods. 

Determination of the Human Transferrin Receptor. An 

immunofluorescent assay, similar to that used by Hoffman et 
al. (27), was utilized to determine the presence or absence of 
the human transferrin receptor on the cell surface. A mouse 
monoclonal antibody, 3a7.7.1.2, specific for the human 
transferrin receptor, was kindly provided by York Miller and 
Carol Jones. The human lymphoblastoid line TL9542 and a 
human-hamster hybrid, 314, containing only, human chro- 
mosome 3 were used as positive controls. The CHO cell line 
Kl was used as a negative control. 

RESULTS 

Previously, we localized the CHO Gly"B defect to the region 
8q22.1->qter (15). Therefore, it was possible that either of the 
derivative chromosomes would be selectively retained in the 
Gly"B-human hybrids. We therefore screened Gly"B hy- 
brids cytogenetically for both of the derivative chromosomes 
demonstrated in Fig. L4. Hybrid 3;8/4-l, shown in Fig. IB, 
was found to contain the der(8), in the absence of the der(3) 
and the normal nos. 3 and 8. In addition to the der(8) 
chromosome, which was identified in 23 of 24 mitoses 
examined, the human chromosomes 6, 12, 19, 20, and 21 were 
variably present as was a marker chromosome that presum- 
ably arose during the hybrid formation. This further defines 
the region of chromosome 8 that complements the glycine- 
requiring CHO mutant Gly'B as 8q22.1->8q24.1. 

The cytogenetic assessment of the chromosome break- 
points in t(3;8)(pl4.2;q24.13) would predict that the following 
chromosome 3 and 8 markers should be present in hybrid 
3:8/4-1: human glutathione reductase activity (8p21.1) (28), 
human c-mos (8q22) (29), and human c-ra/(3p25) (ref. 30 and 
T. Bonner, personal communication). These markers were 
indeed present. Fig. 2 demonstrates the Southern blot hy- 
bridization experiments using the c-mos and c-raf probes, 
which confirm the presence of these DNA sequences in 
hybrid 3:8/4-1. 




Fig. 1. Giemsa/trypsin/Giemsa-11 banding of metaphase cells. 
(A) Partial karyotype snowing the chromosome pairs 3 and 8 from a 
patient with the 3;8 translocation. The rearranged chromosomes are 
indicated by arrows. (B) CHO-human hybrid 3:8/4-1 containing the 
der(8). Two adjacent metaphase spreads are seen. (C) CHO-human 
hybrid TL9542/UC2-1 containing the der(3). 

The gene coding for human acylase I activity has been 
localized previously to chromosome 3, more specifically by 
the smallest region of overlap to 3p21 (31). Hybrid 3;8/4-l 
contains human acylase I activity but does not contain UMP 
synthase DNA sequences (Fig. 3) and does not express the 
human transferrin receptor (data not shown). The genes for 
both UMP synthase and the transferrin receptor have been 
localized to the long arm of chromosome 3 (16, 32). These 
data further confirm the nature of the 3 ,8 translocation and 
the assignment of acylase I to 3p21. 

Segregants of hybrid 3:8/4-1 were produced by the 
BrdUrd-visible light method. Eight separate clones were 
isolated. All clones had lost the ability to grow in glycine- 
deficient medium, as well as glutathione reductase and 
acylase I activities, demonstrating that these markers, orig- 
inally located on chromosomes 8 and 3, respectively, segre- 
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Fig. 2. Southern blot hybridization experiments demonstrating 
the presence of c-moj (A) and c-raf(B) DNA sequences in hybrid 
3;8/4-l containing the der(8). 314b t A CHO-human hybrid contain- 
ing chromosome 3 as its only identifiable human material; GM t total 
human DNA; CHO, total CHO DNA. Digests were with EcoKL 

gate together with the chromosome identified as the der(8). A 
detailed cytogenetic analysis on one of these segregants was 
performed. Whereas the der(8) chromosome was identified in 
23 of 24 metaphases examined in hybrid 3;8/4-l, it was 
uniformly absent in 21 metaphases examined in the segre- 
gant, while there was no significant change in the remaining 
human chromosomes. 

The c-myc oncogene has been localized cytogenetically to 
band 8q24, where the breakpoint occurs on chromosome 8 
(10). Fig. 4A shows the results of a Southern blot hybridiza- 




. ' ^ft^' : : " 

Fig. 3. Southern blot hybridization demonstrating the absence of 
UMP synthase DNA sequences, from the long arm of chromosome 
3, in hybrid 3;8/4-l containing the der(8). The probe used was 
isolated from a rat cDNA library. Digestion was with EcoKl. The 
human bands are indicated by arrows. GM and CHO, total human 
and hamster DNA, respectively; 314b, a CHO-human hybrid con- 
taming human chromosome 3. The lowest band seen in 314b and 
CHO is of hamster origin and appears to be polymorphic in various 
CHO lines examined. 
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Fig. 4. Southern blot hybridization experiments demonstrating 
the translocation of c-myc DNA sequences. DNA was digested with 
Sst I and probed with c-myc (Rye 7.4). The absence of c-myc in 
hybrid 3;8/4-l containing the der(8) is shown in A. The presence of 
c-myc in hybrid TL9542/UC2-1 containing the der(3) in the absence 
of the normal chromosome 8 is shown in B. The human bands in B 
are indicated by arrows. 

tion experiment to determine if c-myc has been translocated. 
The human c-myc DNA sequences are not present in hybrid 
3;8/4-l, indicating that these sequences have been translo- 
cated to the der(3) chromosome. To confirm this finding, we 
isolated the der(3) in a separate hybrid by using the Urd"C 
mutant. Hybrid TL9542/UC2-1 (Fig. 1C) contains,, by 
cytogenetic analysis, the der(3) in the absence of the der(8) 
and the normal nos. 3 and 8. In contrast to hybrid 3;8/4-l, this 
hybrid lacks c-rq/"DNA sequences as well as human acylase 
I and glutathione reductase activities. However, the human 
c-myc DNA sequences are present in hybrid TL9542/UC2-1, 
as demonstrated in Fig. 4B. Moreover, this hybrid expresses 
the human transferrin receptor and contains the UMP syn- 
thase DNA sequences (data not shown). A summary of these 
results is given in Table 1. 

Table 1. Summary of molecular and biochemical analysis of 
hybrid 3;8/4-l, hybrid TL9542/UC2-1, and segregant of 
hybrid 3;8/4-l 





Hybrid 


Hybrid 


Segregant of 




3;8/4-l 


TL9542/UC2-1 


hybrid 




(der8) 


(der3) 


3:8/4-1 


Complements Gly"B 








(8q22.1— qter) 


+ 


NA 




Complements Urd~C (3q) 


NA 


+ 


NA 


Glutathione reductase 






(8p21.1) 


+ 






c-m<w (8q22) 


+ 






c-myc (8q24) 




+ 


NT 


Acylase I (3p21) 


+ 






c-ra/(3p25) 


+ 




NT 


UMP synthase (3q) 




+ 


NT 


Transferrin receptor 








(3q23->qter) 






NT 



NA, not applicable; NT, not tested; +, activity or DNA sequence 
present; activity or DNA sequence absent. 
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We have not detected any rearrangement of c-myc in DNA 
from a patient with the 3;8 translocation, using the enzymes 
EcoRh Sst I, and BamHl and the z-myc probe Rye 7.4, which 
cover =21 kilobases (33). In addition, we have not detected 
a rearrangement using a c-myc first exon probe and the 
enzymes EcoRl, Pst I, and Sst I. 

DISCUSSION 

We have isolated separately both derivative chromosomes 
found to be highly associated with a hereditary form of renal 
cell carcinoma in somatic cell hybrids. We have demonstrat- 
ed that the c-myc oncogene located cytogenetically at the 
region on chromosome 8 where the breakpoint occurs has 
been translocated to the der(3). We have not detected a 
rearrangement in a 21-kilobase region surrounding c-myc, 
suggesting that the site of rearrangement occurs outside this 
region. 

Most cases of Burkitt lymphoma are associated with an 
8;14 translocation in which the c-myc gene is involved, 
although rearrangements of the c-myc locus detectable by 
using conventional electrophoretic techniques are not always 
seen. The translocation seen in Burkitt lymphoma seems to 
result in deregulation of transcription of the c-myc gene, 
whether or not the translocation breakpoint is within the gene 
(11). Altered transcription of c-myc has also been observed in 
other malignancies. Clearly, translocation of c-myc in this 
hereditary renal cell carcinoma is consistent with the possi- 
bility that altered transcription of this gene might be involved 
in this disease. 

The chromosome 3 region that is involved in the 3;8 
translocation is also of considerable interest. Pathak et aL 
have described a family with hereditary renal cell carcinoma 
in which a 3;11 translocation was found only in the tumor 
tissue (4). The chromosome 3 breakpoint was 3pl3 or 14. 
Additionally, deletions in the short arm of chromosome 3 
appear to be present in many nonfamilial renal cell carcino- 
mas from unrelated patients (34). Thus, alterations in the 3p 
region may be critical for the development of renal cell 
carcinoma and possibly small cell lung cancer. 

A constitutive inducible chromosomal fragile site has been 
identified at the 3pl4 region (6, 7). This fragile site appears to 
be inducible to high levels by a variety of chemical agents (9, 
35). The location of chromosomal fragile sites has been 
shown to be correlated with the locations of known onco- 
genes and with the locations of chromosomal abnormalities 
associated with various malignancies (8, 9). Clearly, the 
fragile site at 3pl4 shows such a correlation. It is conceivable 
that this fragile site facilitates the 3pl4 alterations seen in 
renal cell carcinoma and small cell lung cancer. Our hybrid 
containing the translocated c-myc gene at 3pl4.2 should 
greatly facilitate the isolation of genes in this region. One 
possibility would be to utilize newly described electropho- 
retic techniques (36, 37) and myc-specific DNA probes to 
isolate the 3;8 junction region. 

It is certainly possible, and perhaps even likely, that 
abnormalities involving sites on both chromosomes 3 and 8 
are important for development of renal cell carcinoma in this 
family and perhaps also in general. The development of 
malignancy is felt to be a multistep process. Abnormalities 
resulting from the 3 ;8 translocation could provide one or even 
two of these steps along the pathway if both chromosomal 
regions participate in the pathogenesis of this disease. Clear- 
ly, alterations in the c-myc oncogene have been detected in 
a variety of tumors and the 3pl4 region likewise appears 
important. Further research into the 3pl4 region is likely to 
prove important not only for understanding renal cell carci- 
noma but also small cell lung cancer, chromosome fragile 
sites, and perhaps additional tumor types, such as malignant 
mesothelioma (38). 
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Table 3 The effect of monoclonal antibody 2AI 1 on the in vitro clonal 
growth of human small-cell lung cancer lines 



Cell line 



NCI-N592 NCI-N417 
Addition to cloning medium Growth as % control (no of colonies) 

Experiment 1 ((igml" 1 ) 



None 
2A11 
2A11 
2A1 1 
2AU 
MOPC21 

Experiment 2 



0.1 
1.0 
3.0 
10 
10 



None 

SO nM bombesin 
2A11 10 jig ml" 1 
MOPC21 lOjtgmr 1 
Boiled 2A1 1 lOjigml -1 
2A1 L 10 u,g ml" 1 + bombesin 
50 nM 



100(30) 
93 (28) 
83 (25) 
0(0) 
0(0) 
97 (29) 



100(32) 
> 100 (664) 
0(0) 
94 (30) 
88 (28) 
>100 (340) 



tOO (583) 

98 (571) 
96 (560) 

3(18) 
1(7) 

99 (577) 



100 (610) 
> 100 (820) 
5(30) 
100(607) 
97 (593) 
> 100 (910) 
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Tumour cell cloning assays were performed in serum-free HITES 
medium as described previously 29 . HITES medium contains RPM 1-1640 
(GIBCO) supplemented with 10 nM hydrocortisone, 5 jig ml -1 bovine 
insulin, 10 jig ml" 1 human transferrin, 10 nM l7,B-estradiol and 30 nM 
selenium. A single-cell suspension of NCI-N592 or NCI-N417 cells 
taken from log-phase cultures was mixed with 0.3% agarose in HITES 
(v/v) in the absence or presence of purified 2A1 1 or MOPC 21 antibody, 
bombesin, boiled antibody or 2A1 1 + bombesin (added simultaneously) 
and plated over a pre-hardened base layer of 0.5% agarose/ HITES. 
The NCI-N417 culture plates were supplemented with 0.1% BSA which 
greatly enhanced clonal cell growth. NCI-N592 cells were seeded at 
v 5 x 10 4 per plate, whereas NCI-N417 cells were plated at 1 x 10 4 . Plates 
were pre-screened to varify single-cell distribution of test cells and 
scored 21 days later for colony formation. Cell aggregates of >50 cells 
were scored positive for colony growth. All studies were done in triplicate 
and each point represents the mean colony count. For all studies the 
s.e.m. was ±10%. 



both brain and SCLC membrane preparations. Finally, purified 
antibody when added to an in vitro tumour cloning assay or to 
an in vivo nude mouse xenograft assay prevented tumour cell 
growth. The antibody effect in vitro was blocked by synthetic 
bombesin, and the antibody did not inhibit the growth of a 
melanoma tumour cell line that did not make BLPs. We conclude 
that BLPs can indeed function as autocrine growth factor(s) for 
human SCLC. It is possible that the bombesin stimulation of 
growth seen in SCLC could reflect a physiological role of BLPs 
in some cells during normal fetal growth and development. In 
addition, our studies with monoclonal antibody 2A11 against 
BLP offer a new immuno-hormonal approach of manipulating 
the growth of human SCLC in patients. Although these studies 
used monoclonal anti-peptide antibodies to inhibit BLP action, 
it is possible that growth suppressive effects could be obtained 
using bombesin antagonists or anti-receptor antibodies. 

We thank H. Sims, A. Simmons and S. Stephenson for tech- 
nical assistance and Drs A. Gazdar, J. Battey, E. Sausville and 
M. Kuehl for discussions. 
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Recent studies have demonstrated that the cellular tumour antigen 
p53 (ref. 1) can complement activated ras genes in the transforma- 
tion of rat fibroblasts, suggesting that the gene encoding p53 may 
act as an oncogene 23 . Here, by using in situ chromosomal hybridiz- 
ation 4 * 5 , we have mapped the p53 gene to human chromosome 17, 
at bands 17q21-q22, the region containing one of the breakpoints 
in the translocation t(15;17) (q22;q21) associated with acute pro- 
myelocytic leukaemia (APL)" Hybridization of p53 and erb-A 
(17qll-ql2) probes to malignant cells from three APL patients 
indicated that the p53 gene is translocated to chromosome 15 
(15q+), whereas erb-A remains on chromosome 17. Analysis of 
variant translocations demonstrates that the 15q+ chromosome 
contains the conserved junction 8 , suggesting a role for p53 in the 
pathogenesis of APL. However, rearrangements of the p53 gene 
were not detected on Southern blotting of DNA from leukaemic 
cells of four APL patients with t(15;17). 

To determine the chromosomal localization of the p53 gene, 
we performed in situ chromosomal hybridization using a p53- 
specific probe. We used an 3 H-labelled complementary DNA 
clone, pp53-176, containing the entire coding region 
(1.35 kilobases, kb) of the murine p53 gene 9 , for in situ hybridiz- 
ation to normal human metaphase chromosomes prepared from 
phytohaemagglutinin-stimulated peripheral blood lymphocytes. 
Figure 1 shows the distribution of labelled sites in 100 metaphase 
cells examined. This hybridization resulted in labelling of a 
specific region of a single chromosome, namely, the long arm 
of chromosome 17. Of 100 metaphase cells examined, 24 (24%) 
were labelled on region q2, bands q21-q25, of one or both 
chromosomes 17. A total of 183 grains was observed; thus, the 
labelled sites on region q2 of chromosome 17 represented 14.2% 
of all labelled sites (26/183). The largest number of grains was 
clustered at 17q21-q22 (18/183, 10%, P< 0.005). 

The localization of the p53 gene to 17q21-q22 is of particular 
interest because of the nonrandom abnormalities involving this 
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Table 1 In situ hybridization of a p53 probe to metaphasc cells with a t(l5;17) 



Patient 



No. of metaphase 
cells analysed 

100 
50 
63 



Total no. of 
labelled sites 

141 
73 
84 



Normal 
15 

5(3.5%) 
1 (1.4%) 
2(2.4%) 



No. of labelled sites (%) 

Normal 
15 q+ 17 



14(9.9%)* 
7(9.6%)* 
7(8.3%)t 



10(7.1%)t 
7(9.6%)* 
10(12%)* 



17 q- 

2(1.4%) 

O(-) 

1(1.2%) 



|: * x : values correspond to P < 0.05. 

values correspond to P<0.20; however, all grains were clustered on the translocated material from chromosome 17, at bands q21-q22. 
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^chromosome in human tumours. Gain or loss of a whole chromo- 
some 17 has been a frequent finding in haematological malignant 
diseases as well as in various solid tumours, and structural 
-ttarrangements involving 17q are especially frequent in the 
leukaemias 10 . In particular, a reciprocal translocation involving 
chromosomes 15 and 17 at bands q22 and q21, respectively, is 
a characteristic abnormality in APL. We have observed this 
'translocation in each of 42 patients with APL that we studied 
^ our laboratory (ref. 7 and our unpublished data). 

With regard to the t(15;17), the proto-oncogene erb-A has 
jSso been mapped to the long arm of chromosome 17. Analysis 
if hybridizations of an ero-A-specific probe to metaphase cells 
nth a t(15;17) u , and Southern blot analysis of somatic cell 
lybrids retaining the 15q+ chromosome 12 , showed that erb-A 
imains on the rearranged chromosome 17. Moreover, no re- 
ingements of this gene were detected on digestion with 
ight restriction enzymes of genomic DNAs from five APL 
atients 13 . 



J : To determine whether the p53 gene or erb-A is localized near 
|he chromosomal breakpoint on chromosome 17 that is involved 
4ithe t(15;17), we hybridized the two probes to metaphase cells 
from three APL patients who had this rearrangement. Figure 2 
ows the distribution of labelled sites, using each probe, on 
le rearranged chromosomes and on the normal homologues in 
lis from patient no. 1. Of 100 metaphase cells examined after 
iybridization with the p53 probe, 10 (10%) were labelled on 
ie normal chromosome 17; these sites were clustered at 17q21- 
:, and represented 7.1% (10/141) of all labelled sites (P< 
|05). Two labelled sites were observed on the 17q- chromo- 
me. In 14 metaphase cells, labelled sites were observed on 
ie 15q+ chromosome; they were clustered at bands q21-q22 
if the translocated chromosome 17 (14/141, 9.9%, P<0.05). 

e chromosome 15 homologue had only five labelled sites 
ispcrsed along the long arm (3.5%, P>0.05). Thus, the p53 
fene, which is normally localized at 17q21-q22, is translocated 
chromosome 15 as a result of the t(15;17). Analysis of cells 
from the two other patients with this rearrangement gave similar 
ults (Table 1). 

In contrast, an analysis of metaphase cells hybridized to erb-A 
ealed that this gene remains on the 17q- chromosome and 
jus is located proximal to the t(15;17) breakpoint (Fig. 2). In 
" metaphase cells examined from patient no. 1, 11 and 10 
>elled sites were observed on the normal chromosome 17 and 
»n the 17q- chromosome, respectively (normal 17: 11/125, 
17q-: 10/125, 8.0%, P<0.05). In each case, the grains 
pre clustered at 17qll-ql2. Two labelled sites were noted on 
e normal chromosome 15 homologue (1.6%), and four were 
bserved on the 15q+ chromosome (3.2%, P>0.05). Similar 
ults were obtained for hybridizations of metaphase cells from 
e two other APL patients. This result is consistent with the 
odings of previous studies in which both in situ chromosomal 
bridization and Southern blot analysis of DNA from somatic 
;I1 hybrids retaining the 15q + chromosome, were used 11 ' 12 , 
ccent results of in situ hybridizations to metaphase chromo- 
pies derived from a fibroblast cell line with a different transi- 
tion, t(15;17)(q22;qll), suggest that erb-A is localized 
ftween bands 17ql 1 and q21 (ref. 13). Our results indicate that 
jc breakpoint on chromosome 17 in the t(15;17) in APL is 
£keted by the erb-A and p53 genes. 



To determine whether the p53 gene is structurally altered by 
this translocation, we subjected DNA from four APL patients 
with the t( 15; 17) to Southern blot analysis using the mouse p53 
cDNA probe; human placental DNA served as a germline 
control. It was necessary to reduce the stringency for these 
hybridizations, as there is only —80% homology between the 
mouse and human genes 14 . DNA of high relative molecular 
mass was prepared and digested with the appropriate restriction 
enzyme, electrophoresed in 0.8% agarose, and blotted onto 
Gene Screen Plus transfer membranes (NEN). The blots were 
hybridized with the plasmid pp53-176, which had been nick- 
translated with 32 P to a specific activity of 3 x 10 8 d.p.m. u.g" ! . 
Hybridization was for 16 h at 37 °C in 50% formamide, 5 xSSC 
(1 xSSC = 0.15 M sodium chloride, 0.015 M trisodium citrate), 
10% dextran sulphate, 1% SDS, 20 mM sodium phosphate 
(pH 6.8), 0.1% Ficoll,0.1% polyvinylpyrrolidone, 0.1% bovine 
serum albumin, and denatured salmon sperm DNA at 100 |ig 
ml -1 . After hybridization, the filters were washed in 3xSSC, 
0. 1 % SDS for 3 h at 55 °C, followed by 30-120 min at 68 °C, as 
needed, to reduce the background. In all four patients, we 
observed the following germline bands: Eco RI, 18 kb; PsrI, 2.9 
and 1.6 kb; and Pvu\\, 4.0 kb. This pattern is consistent with 
previously published results, except that the 1.6-kb band ex- 
pected with Pvull 14 was not observed consistently, suggesting 
that hybridization of this region to the murine probe was weaker 
than to the human probe. Thus, there were no detectable changes 
in the structure of the p53 gene in these samples. 

Recent studies with the human APL cell line HL60 have 
demonstrated that most of the p53 gene has been deleted from 
these cells, except for a small amount of residual 5' sequences 15 . 
From our in situ chromosomal hybridizations and Southern 
analyses, it is clear that there are no major deletions in the p53 
gene in fresh APL cells. Our inability to detect new restriction 
fragments of the p53 gene on Southern blots, however, does not 
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Fig. 1 Distribution of labelled sites in 100 normal metaphase 
cells. From a total of 29 grains on chromosome 17, 18 (62%) were 
localized at 17q21-q22. Human metaphase cells prepared from 
phytohacmagglutintn-stimulatcd peripheral blood lymphocytes 
were hybridized with 3 H-labelled pp53-176 plasmid DNA nick- 
translated with all four 3 H-Iabelled deoxynucleotide triphosphates 
to a specific activity of 2.8 x 10 7 d.p.m. jtg" 1 . In situ hybridization 
was performed as described previously 5 . 
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Fig. 2 Distribution of labelled sites oh normal chromosome 
homologues 15 and 17, and on the translocation derivatives 15q+ 
and I7q-, in metaphase cells from an APL patient (no. 1) with a 
t(15;l7), which were hybridized to the p53 or erb-A probes. One 
hundred metaphase cells were examined for each probe. Arrows 
identify the breakpoint junctions on the rearranged homologues. 
The results of these hybridizations indicated that the p53 gene is 
translocated to chromosome 15, whereas erb-A remains on chromo- 
some 17. The radiolabeled probes were nick-translated to specific 
activities of 2.9 x 10 7 (p53) and 4.9 x 10 7 d.p.m. ng~ l (erb-A). The 
erb-A-specific probe (c-HerbA-1) was a 1.6-kb human erb-A cDNA 
clone' 1 . 



exclude the possibility that the gene is activated by the transloca- 
tion, as a rearrangement may have occurred outside the regions 
homologous to the probe (protein-coding region). Such a situ- 
ation has been reported for the c-abi proto-oncogene in the 
t(9;22) associated with chronic myelogenous leukaemia 16 . 
Similarly, in Burkitt's lymphoma, rearrangements are usually 
seen within the introns of the protein-coding regions of c-myc 
in the common t(8;14); however, such rearrangements occur 
outside this region in the variant translocations t(2;8) and 
t(8;22) 17,18 . Thus, in the latter translocations, rearrangements of 
c-myc cannot be detected with a probe containing only protein- 
coding sequences. 

The location of two genes (the p53 gene and erb-A), each 
with transforming capabilities, adjacent to the t(15;17) break- 
point raises the question as to which gene is involved in the 
pathogenesis of APL. In a reciprocal translocation such as 
t(15;17) there are two rearranged junctions, and there is no a 
priori reason for choosing either the 15q+ or the 17q- chromo- 
some as containing the critical junction. The analysis of complex 
translocations that involve three chromosomes can reveal which 
of the junctions that are seen in the simple translocation is 
conserved. Such an analysis has been performed for t(15;17) as 
well as t(8;14) and t(9;22) 8 ; in the latter two translocations, the 
14q+ and 22q- (Philadelphia, Ph 1 ) chromosomes contained the 
conserved junctions. Subsequent molecular analysis has shown 
that each of these chromosomes contains the critical genes 
[c-myc and immunoglobulin heavy chain on 14q+ (refs 17, 18), 
and c-aW and bcr (breakpoint cluster region) on Ph 1 (refs 16, 
19)]. For t(15;17), the 15q+ chromosome junction was conserved 
in three clearcut complex translocations 20,21 . In two other reports 
of variant translocations, however, either the karyotypes permit 
several interpretations 22 or they have not been published 23 . 

Thus, most of the data available support the notion that the 
15q+ chromosome contains the critical junction, and this would 
suggest that the p53 gene has a critical involvement in the 
transformation of normal myeloid cells into leukaemic cells 
whose maturation is arrested at the promyelocyte stage. Further 
investigation of the role of the p53 gene in t(15;17) awaits 
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molecular cloning of the junction fragment and analysis of the 
p53 gene product in these malignant cells. 
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Note added in proof : We have recently confirmed the localiz. 
ation of p53 to 17ql2-q24 by hybridizing a human p53 cDNA 
probe to normal metaphase cells. In addition, a smaller yet 
significant cluster of grains was* observed on 17pll-pl3; this 
labelling was not seen with the mouse probe. 
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T lymphocytes recognize cell-bound antigens in the molecular 
context of the self major histocompatibility complex (MHC) gene 
products through the surface T-cell receptors). The minimal com- 
ponent of the T-cell receptor is a heterodimer composed of or and 
P subunits, each of relative molecular mass (M r ) — 45,000 (refs 
1-3). Recently, complementary DNA clones encoding these sub- 
units have been isolated and characterized along with that of a 
third subunit of unknown function, termed y (refs 4-9). These 
studies revealed a primary structure for each subunit that was 
clearly similar to that of immunoglobulin and indicated a somatic 
rearrangement of corresponding genes that are also 
immunoglobulin-like. Recently, the analysis of the sequence 
organization of the T-cell receptor 0-chain 1 *" 16 and T-cell-specific 
y-chain gene families 17 has been reported. We now present an 
initial characterization of the murine T-cell receptor a-chain gene 
family, and conclude that although it is clearly related to the gene 
families encoding immunoglobulins 18 , T-cell receptor fi- 
chains 10 " 16 and also T-cell y-chains 17 , it shows unique characteris- 
tics. There is only a single constant (C) region gene segment, 
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